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ABSTRACT 
Effect of Water Harvesting and Spreading Techniques on Agricultural Development 
and Environmental Stability in Dry lands- North Kordofan State-Sudan 
This study was conducted in North Kordofan State (period from February 2007 to March 
2008). The research aims to evaluate some effects of the techniques on agricultural 
development and an environmental stability in dry lands of the study area, in order to explore 
the potential role of sustainable adoption  of WH techniques and their contribution to reduce 
the adverse impacts of lands degradation and desertification, the effect of concentrated 
grazing and overstocking around water points, in order to know the environmental value of 
WH which include: protection from seasonal floods, reducing epidemic diseases, improving 
health conditions. Social value: rural areas development, creating job opportunities, 
population stability, poverty and hunger alleviation, improving living standard, minimizing 
displacement to cities and urban centers. Economical value: agricultural development in 
traditional agriculture areas by increasing production and productivity, improving livestock 
and forestry through rational use of natural resources particularly land and water, encourage 
investment which ultimately lead to increase the National economics. In addition to the 
strategic value to ensure the utilization of seasonal water sources, contribution to food and 
water security for both human and animal in the area, and finally providing different 
financial sources to support Sudan development programmes. Moreover, to identify the best 
methods that contribute towards better utilization and conservation of natural resources and 
the problem associated with it. Some methods were used to collect data, namely the primary 
data through reconnaissance, questionnaire, observation, group discussion, personal 
interviews, photographing, official records and reports. In addition to the vegetation and soil 
moisture content measurements, which covered five selected sites (Errahad turda, Elain dam, 
Elgenainya fula, Elobeid dam and Elayara hafir) for practical field measurements. The results 
showed that these techniques have very effective role and a great contribution to reduce the 
causes of desertification and their negative impacts (85.6%), improving rangelands(83.1%), 
increasing crop production( 97.6%), forests and natural resources conservation (94%), food 
and water security (86.7%), livestock and agricultural insurance (96.4%), socioeconomic 
status improvement for farmers and pastoralists (96.4%) and ultimately rural areas stability 
and development (87.5%), as explained by the majority of the respondents. On the other 
 XIX
hand, the results of vegetation and soil moisture measurements showed that the vegetation 
cover have been exposed to various degrees of degradation which led to appearance of high 
amounts of unpalatable plant species around water points, resulting from overgrazing. Soil 
moisture content parameters showed that all treated sites (around water points), have 
recorded higher percentages than untreated sites as control, the plant composition index 
were; 89.6% in Errahad, 72% in Elain, 87.6% in Elgenainya, 78.6% in Elobeid dam and 81% 
in Elayara compared to the control. Plant density index were; 44.8 in Errahad, 36 in Elain, 
43.8 in Elgenainya, 39.3 in Elobeid and 40.5 in Elayara. Forage density index were; 33.3 in 
Errahad, 29 in Elain, 20.5 in Elgenainya, 25.3 in Elobeid and 24.5 in Elayara compared to the 
control. Ground cover percentages were; 56.3% in Errahad, 72.5% in Elain, 63.8% in 
Elgenainya, 85% in Elobeid and 35% in Elayara compared to the control. Soil moisture 
content; ranged from (18% to 43.8%) at depth 30 cm, and from (30% to 55.5 %), at depth 60 
cm for all sites, compared to mean of control sites (13.4% and 24.6%), respectively. Plant 
diversity within five sites was estimated as palatable (64.3% to 78.6%), and unpalatable 
(21.4% to 35.7%), respectively. The main problems and constraints confronting the 
sustainability of water harvesting techniques and their adopted project in the area of the study 
are the followings: limitation of finance, machinery, equipment and tools, mismanagement, 
weakness in coordination and cooperation system, absence of adequate studies and lack of 
applied research, weakness in (conception, initiation, maintenance, operation, monitoring, 
and evaluation), in addition to the wrong design and unsustainable activities, and the absence 
of active extension programmes. The results stated that the WH techniques still as one of the 
important tools for seasonal rainwater resources( valleys, natural plains) management for the 
different purposes of use such as; drinking water and for domestic use, agriculture and it is 
important for maintenance; buildings, infrastructure(roads, railway) and agricultural schemes 
from runoff and floods and consequently support the rational use for natural resources to 
ensure the future of sustainable development in the whole country. Moreover, the adoption of 
techniques has not represented any danger or damages on that area. The level of participation 
of local communities in the activities of the project is described as very good; this reflects the 
potentiality of the project in mobilizing the local community for the adoption of the different 
activities. The study arrived to valuable conclusions and necessary recommendations, which 
is considered as useful and possible to use as base for the further studies.                                                
XX 
  
  ﻣﻠﺨﺺ اﻷﻃﺮوﺣﺔ                                          
                      
 ﺒﻐﺭﺽ ﺘﻘﻴﻴﻡ (ﻡ8002 ﻤﺎﺭﺱ -7002ﻓﺒﺭﺍﻴﺭ)  ﻓﻰ ﺍﻟﻔﺘﺭﺓ ﺃﺠﺭﻴﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺒﻭﻻﻴﺔ ﺸﻤﺎل ﻜﺭﺩﻓﺎﻥ  
ﻕ ﺘﻘﻨﻴﺎﺕ ﺤﺼﺎﺩ ﻭﻨﺜﺭ ﺍﻟﻤﻴﺎﻩ ﻋﻠﻰ ﺍﻟﺘﻨﻤﻴﺔ ﺍﻟﺯﺭﺍﻋﻴﺔ ﻭﺍﻹﺴﺘﻘﺭﺍﺭ ﺍﻟﺒﻴﺌﻰ ﻓﻰ ﺍﻷﺭﺍﻀﻰ ﺍﻟﺠﺎﻓﺔ ﻴﺃﺜﺭ ﺘﺒﻨﻰ ﻭﺘﻁﺒ
ﺔ ﻭﺘﺤﺴﻴﻥ ﻓﻰ ﺍﻟﺤﻤﺎﻴﺔ ﻤﻥ ﺍﻟﺴﻴﻭل ﻭﺍﻟﻔﻴﻀﺎﻨﺎﺕ ﻭﺘﻘﻠﻴل ﺍﻷﻤﺭﺍﺽ ﻭﺍﻷﻭﺒﺌﻭﻤﻌﺭﻓﺔ ﻗﻴﻤﺘﻬﺎ ﺍﻟﺒﻴﺌﻴﻴﺔ   ﻭﺍﻟﺘﻰ ﺘﺘﻤﺜل 
ﻴﺔ ﻭﻫﻰ ﺘﻁﻭﻴﺭ ﺍﻟﻤﻨﺎﻁﻕ ﺍﻟﺭﻴﻔﻴﺔ ﻭﺨﻠﻕ ﻓﺭﺹ ﻋﻤل ﺇﻀﺎﻓﻴﺔ ﻹﺴﺘﻘﺭﺍﺭ ﻋﺠﺘﻤﺎﻹﺍﻭﻗﻴﻤﺘﻬﺎ .ﺍﻟﻅﺭﻭﻑ ﺍﻟﺼﺤﻴﺔ
ﻟﻠﺩﺨل ﻭﺭﻓﻊ ﻤﺴﺘﻭﻯ ﺍﻟﻤﻌﻴﺸﺔ  ﺘﺸﺠﻴﻌﺂ  ﻟﻺﺴﺘﺜﻤﺎﺭ "  ﺯﻴﺎﺩﺓ،ﺍﻟﺒﻁﺎﻟﺔ،ﺍﻟﺠﻭﻉ ،ﺍﻟﻤﻭﺍﻁﻨﻴﻥ ﺒﻤﻨﺎﻁﻘﻬﻡ ﻭﻤﺤﺎﺭﺒﺔ ﺍﻟﻔﻘﺭ 
ﻗﺘﺼﺎﺩﻴﺔ ﺘﻜﻤﻥ ﻓﻰ ﺘﻜﺜﻴﻑ ﺃﻤﺎ ﻗﻴﻤﺘﻬﺎ ﺍﻹ. ﻭﺍﻟﻤﺭﺍﻜﺯ ﺍﻟﺤﻀﺭﻴﺔﻘﺎﻨﺔ ﺤﺼﺎﺩ ﺍﻟﻤﻴﺎﻩ ﻭﺍﻟﺤﺩ ﻤﻥ ﺍﻟﻨﺯﻭﺡ ﻟﻠﻤﺩﻥ ﻓﻰ ﺘ
ﻭﺘﻨﻭﻴﻊ ﺍﻟﺯﺭﺍﻋﺔ ﻟﺯﻴﺎﺩﺓ ﺍﻹﻨﺘﺎﺝ ﻭﺍﻹﻨﺘﺎﺠﻴﺔ ﻓﻰ ﻤﻨﺎﻁﻕ ﺍﻟﺯﺭﺍﻋﺔ ﺍﻟﺘﻘﻠﻴﺩﻴﺔ ﻭﺘﻨﻤﻴﺔ ﺍﻟﺜﺭﻭﺓ ﺍﻟﺤﻴﻭﺍﻨﻴﺔ ﻭﺍﻟﻐﺎﺒﻴﺔ 
ﺒﺎﻹﻀﺎﻓﺔ . ﺎﻟﺘﺎﻟﻰ ﺯﻴﺎﺩﺓ ﺍﻹﻗﺘﺼﺎﺩ ﺍﻟﻜﻠﻰﺒﺎﻹﺴﺘﻐﻼل ﺍﻟﻤﺭﺸﺩ ﻟﻠﻤﻭﺍﺭﺩ ﺍﻟﻁﺒﻴﻌﻴﺔ ﺨﺎﺼﺔ ﻤﻭﺭﺩﻯ ﺍﻟﻤﻴﺎﻩ ﻭﺍﻷﺭﺽ ﻭﺒ
ﺇﻟﻰ ﺍﻟﻘﻴﻤﺔ ﺍﻹﺴﺘﺭﺍﺘﻴﺠﻴﺔ ﻭﺘﺘﻤﺜل ﻓﻰ ﺘﺄﻤﻴﻥ ﺇﺴﺘﻐﻼل ﻤﺼﺎﺩﺭ ﺍﻟﻤﻴﺎﻩ ﺍﻟﻤﻭﺴﻤﻴﺔ، ﺍﻟﻤﺴﺎﻫﻤﺔ ﻓﻰ ﺘﺤﻘﻴﻕ ﺍﻷﻤﻥ ﺍﻟﻐﺫﺍﺌﻰ 
ﻭﺍﻟﻤﺎﺌﻰ ﻟﻺﻨﺴﺎﻥ ﻭﺍﻟﺤﻴﻭﺍﻥ ﺒﺎﻟﻤﻨﻁﻘﺔ ،ﺘﻨﻤﻴﺔ ﺍﻟﻤﺭﺍﻋﻰ ﺍﻟﻁﺒﻴﻌﻴﺔ ﻭﺍﻟﻐﺎﺒﺎﺕ، ﺘﺸﺠﻴﻊ ﺠﻬﺎﺕ ﺍﻟﺘﻤﻭﻴل ﺍﻟﻤﺨﺘﻠﻔﺔ ﻟﺩﻋﻡ 
ﺘﻡ ﺠﻤﻊ  ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﻭﺍﻟﺒﻴﺎﻨﺕ ﺒﻁﺭﻴﻘﺘﻴﻥ ،ﺍﻷﻭﻟﻰ ﺸﻤﻠﺕ ﺍﻹﺴﺘﺒﻴﺎﻥ، ﺍﻟﻤﻼﺤﻅﺔ ﺍﻟﻤﺒﺎﺸﺭﺓ .ﺍﻟﺘﻨﻤﻭﻴﺔﺒﺭﺍﻤﺞ ﺍﻟﺴﻭﺩﺍﻥ 
ﺃﻤﺎ ﺍﻟﺜﺎﻨﻴﺔ ﺸﻤﻠﺕ ﺍﻟﺯﻴﺎﺭﺍﺕ ﺍﻟﻤﻴﺩﺍﻨﻴﺔ . ﻭﺍﻟﻤﻘﺎﺒﻼﺕ  ﺍﻟﺸﺨﺼﻴﺔ ﻭﺍﻟﻨﻘﺎﺵ ﺍﻟﺠﻤﺎﻋﻰ، ﺍﻟﺴﺠﻼﺕ ﻭﺍﻟﺘﻘﺎﺭﻴﺭ ﺍﻟﺭﺴﻤﻴﺔ
ﻨﻅﻤﺕ . ﻭﺭ ﺍﻟﻀﺭﻭﺭﻴﺔﻭﺍﻟﻘﻴﺎﺴﺎﺕ ﺍﻟﻌﻤﻠﻴﺔ ﻟﻠﻐﻁﺎﺀ ﺍﻟﻨﺒﺎﺘﻰ ﻭﺍﻟﻤﺤﺘﻭﻯ ﺍﻟﺭﻁﻭﺒﻰ ﻟﻠﺘﺭﺒﺔ ﻭﺃﺨﺫ ﺒﻌﺽ ﺍﻟﺼ
ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﺍﻟﻤﺴﺘﺨﻠﺼﺔ ﺒﺈﺴﺘﺨﺩﺍﻡ ﺍﻟﺤﺯﻡ ﺍﻹﺤﺼﺎﺌﻴﺔ ﻟﻠﻌﻠﻭﻡ ﺍﻹﺠﺘﻤﺎﻋﻴﺔ ﻭﺒﺭﻨﺎﻤﺞ ﺇﻜﺴل ﻭﺇﺠﺭﺍﺀ ﺍﻟﻤﻘﺎﺭﻨﺎﺕ 
ﺇﺘﻀﺢ ﻤﻥ ﻨﺘﺎﺌﺞ ﺍﻟﺩﺭﺍﺴﺔ ﺃﻥ ﻟﺘﻁﺒﻴﻕ ﺘﻘﻨﻴﺎﺕ ﺤﺼﺎﺩ ﻭﻨﺜﺭ ﺍﻟﻤﻴﺎﻩ ﺩﻭﺭ ﻜﺒﻴﺭ ﻭﻤﺴﺎﻫﻤﺔ ﻓﻌﺎﻟﺔ  . ﻟﻠﻤﺘﻭﺴﻁﺎﺕ ﺍﻟﻨﺎﺘﺠﺔ
 ﺘﻘﻠﻴل ﺤﺩﺓ ﺘﺩﻫﻭﺭ ﺍﻷﺭﺍﻀﻰ ﻭﺍﻟﺘﺼﺤﺭ -1: ﻭﻫﻰ ﻜﻤﺎ ﻴﻠﻰﻭﺒﻨﺴﺏ ﻋﺎﻟﻴﺔ ﻓﻰ ﻜل ﺍﻟﺠﻭﺍﻨﺏ ﺍﻟﺘﻰ ﺸﻤﻠﺘﻬﺎ ﺍﻟﺩﺭﺍﺴﺔ 
 ﺯﻴﺎﺩﺓ ﺍﻹﻨﺘﺎﺝ ﺍﻟﺯﺭﺍﻋﻰ ﻭﺍﻟﺤﻴﻭﺍﻨﻰ -3، (1.38)% ﺘﻨﻤﻴﺔ ﻭﺘﺤﺴﻴﻥ ﺍﻟﻤﺭﺍﻋﻰ ﺍﻟﻁﺒﻴﻌﻴﺔ -2، (6.58)%
 ﺘﺤﻘﻴﻕ ﺍﻷﻤﻥ ﺍﻟﻐﺫﺍﺌﻰ ﻭﺍﻟﻤﺎﺌﻰ ﻟﻺﻨﺴﺎﻥ -5، (49)% ﺼﻴﺎﻨﺔ ﺍﻟﻐﺎﺒﺎﺕ ﻭﺍﻟﻤﻭﺍﺭﺩ ﺍﻟﻁﺒﻴﻌﻴﺔ -4، (6.79)%
 ﺘﺤﺴﻴﻥ ﺍﻟﻭﻀﻊ ﺍﻹﺠﺘﻤﺎﻋﻰ -7، (4.69)%ﺘﺄﻤﻴﻥ ﺍﻟﺯﺭﺍﻋﻰ ﻭﺍﻟﺤﻴﻭﺍﻨﻰ  ﺍﻟ-6، (7.68)%ﻭﺍﻟﺤﻴﻭﺍﻥ ﺒﺎﻟﻤﻨﻁﻘﺔ 
 ﺍﻟﻤﺴﺎﻫﻤﺔ ﻓﻰ ﺘﻨﻤﻴﺔ ﺍﻟﻤﻨﺎﻁﻕ ﺍﻟﺭﻴﻔﻴﺔ -8، (4.69)%ﻭﺍﻹﻗﺘﺼﺎﺩﻯ ﻟﻠﺭﻋﺎﺓ ﻭﺍﻟﻤﺯﺍﺭﻋﻴﻥ ﻭﻜﺎﻓﺔ ﺍﻟﺴﻜﺎﻥ ﺍﻟﺭﻴﻔﻴﻴﻥ 
ﻭﻤﻥ ﺠﺎﻨﺏ ﺁﺨﺭ ﺃﻭﻀﺤﺕ ﻨﺘﺎﺌﺞ ﺍﻟﻘﻴﺎﺴﺎﺕ (. 5.78)%ﻭﺍﻹﺴﺘﻘﺭﺍﺭ ﺍﻟﺒﻴﺌﻰ ﻓﻰ ﺍﻟﻤﻨﺎﻁﻕ ﺍﻟﻘﺎﺤﻠﺔ ﻭﺸﺒﻪ ﺍﻟﺠﺎﻓﺔ 
ﺘﺭﺩﺓ ) ﻠﻐﻁﺎﺀ ﺍﻟﻨﺒﺎﺘﻰ ﻭﺭﻁﻭﺒﺔ ﺍﻟﺘﺭﺒﺔ ﻭﺍﻟﺘﻰ ﺸﻤﻠﺕ ﺨﻤﺴﺔ ﻤﻨﺎﻁﻕ ﻤﺨﺘﺎﺭﺓ ﻭﻤﻤﺜﻠﺔ ﻟﻤﻨﻁﻘﺔ ﺍﻟﺩﺭﺍﺴﺔ ﻭﻫﻰ ﺍﻟﻌﻤﻠﻴﺔ ﻟ
، ﺍﻥ ﺍﻟﻐﻁﺎﺀ ﺍﻟﻨﺒﺎﺘﻰ ﺘﻌﺭﺽ ﻟﺩﺭﺠﺎﺕ (ﺍﻟﺭﻫﺩ، ﺨﺯﺍﻥ ﺍﻟﻌﻴﻥ، ﻓﻭﻟﺔ ﺍﻟﺠﻨﺎﻴﻨﻴﺔ، ﺨﺯﺍﻥ ﺍﻷﺒﻴﺽ ﻭﺤﻔﻴﺭﺓ ﺍﻟﻌﻴﺎﺭﺓ
ﺴﺎﺌﺩﺓ ﺤﻭل ﻨﻘﺎﻁ ﺍﻟﻤﻴﺎﻩ ﻤﻥ ﻤﺘﻔﺎﻭﺘﺔ ﻤﻥ ﺍﻟﺘﺩﻫﻭﺭﻤﻤﺎ ﺃﺩﻯ ﺇﻟﻰ ﻅﻬﻭﺭ ﺒﻌﺽ ﺍﻟﻨﺒﺎﺘﺎﺕ ﻏﻴﺭ ﺍﻟﻤﺭﻏﻭﺒﺔ ﻭﺒﺼﻭﺭﺓ ﺸﺒﻪ 
ﺒﺭﻙ ﻭﺨﺯﺍﻨﺎﺕ ﻭﺴﺩﻭﺩ ﺒﻔﻌل ﺍﻟﺤﻤﻭﻟﺔ ﺍﻟﺭﻋﻭﻴﺔ ﺍﻟﺯﺍﺌﺩﺓ ﻭﺍﻟﺭﻋﻰ ﺍﻟﺠﺎﺌﺭ ﻭﺍﻹﻨﺘﻘﺎﺌﻰ ﻟﻸﻨﻭﺍﻉ ﺍﻟﻨﺒﺎﺘﻴﺔ ﺍﻟﻤﺭﻏﻭﺒﺔ ﺒﺘﻠﻙ 
ﺍﻟﺭﻫﺩ : ﻜﺎﻨﺕ ﻤﺅﺸﺭ ﺍﻟﺘﺭﻜﻴﺒﺔ ﺍﻟﻨﺒﺎﺘﻴﺔ ﻜﻤﺎ ﻴﻠﻰ. ﺍﻟﻤﻨﺎﻁﻕ ﻭﺘﺭﻙ ﺍﻟﻨﺒﺎﺘﺎﺕ ﻏﻴﺭ ﺍﻟﻤﺭﻏﻭﺒﺔ ﻟﻠﻨﻤﻭ ﻭﺍﻟﺘﺯﺍﻴﺩ ﻭﺍﻹﻨﺘﺸﺎﺭ
IXX 
ﻤﺅﺸﺭ ﺍﻟﻜﺜﺎﻓﺔ (. 18)%ﻭﺍﻟﻌﻴﺎﺭﺓ ( 6.87)%، ﺍﻷﺒﻴﺽ (6.78)%ﺠﻨﺎﻴﻨﻴﺔ ، ﺍﻟ(27)%، ﺍﻟﻌﻴﻥ (6.98)%
ﻭﻤﺅﺸﺭ (. 5.04)ﻭﺍﻟﻌﻴﺎﺭﺓ ( 3.93)، ﺍﻷﺒﻴﺽ (8.34)، ﺍﻟﺠﻨﺎﻴﻨﻴﺔ (63)، ﺍﻟﻌﻴﻥ (8.44)ﺍﻟﺭﻫﺩ : ﺍﻟﻨﺒﺎﺘﻴﺔ 
ﺒﻴﻨﻤﺎ (. 5.42)ﻭﺍﻟﻌﻴﺎﺭﺓ ( 3.52)، ﺍﻷﺒﻴﺽ (5.02)، ﺍﻟﺠﻨﺎﻴﻨﻴﺔ (92)، ﺍﻟﻌﻴﻥ (3.33)ﺍﻟﺭﻫﺩ : ﺍﻟﻜﺜﺎﻓﺔ ﺍﻟﻌﻠﻔﻴﺔ
( 58)%، ﺍﻷﺒﻴﺽ (8.36)%، ﺍﻟﺠﻨﺎﻴﻨﻴﺔ (5.27)%، ﺍﻟﻌﻴﻥ (3.65)%ﻓﻰ ﺍﻟﺭﻫﺩ : ﺍﻟﺘﻐﻁﻴﺔ ﺍﻷﺭﻀﻴﺔﻨﺴﺒﺔ 
، ﻟﻠﻤﻨﺎﻁﻕ ﺍﻟﺘﻰ ﺒﻬﺎ ﺘﻁﺒﻴﻕ ﻟﺘﻘﻨﻴﺎﺕ ﺤﺼﺎﺩ ﺍﻟﻤﻴﺎﻩ ﺴﺠﻠﺕ  ﺃﻤﺎ ﺍﻟﻤﺤﺘﻭﻯ ﺍﻟﺭﻁﻭﺒﻰ ﻟﻠﺘﺭﺒﺔ(.53)%ﻭﺍﻟﻌﻴﺎﺭﺓ 
ﺴﺒﺔ  ﻜﺄﺩﻨﻰ ﻨ(03%)ﺔ، ﻟﻠﻤﻭﺍﻗﻊ ﺍﻟﺨﻤﺴﺴﻡ 03 ﻜﺄﻋﻠﻰ ﻨﺴﺒﺔﻋﻨﺩ ﺍﻟﻌﻤﻕ ( 8.34)%ﻜﺄﺩﻨﻰ ﻨﺴﺒﺔ ﻭ ( 81%)
ﺴﻡ ﻟﻨﻔﺱ ﺍﻟﻤﻭﺍﻗﻊ ﺍﻟﻤﺨﺘﺎﺭﺓ ﻋﻠﻰ ﺍﻟﺘﻭﺍﻟﻰ، ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﻤﻭﺍﻗﻊ  ﺍﻟﺘﻰ ﻟﻡ 06ﻜﺄﻋﻠىﻨﺴﺒﺔ ﻋﻨﺩ ﺍﻟﻌﻤﻕ  ( 5.55)%ﻭ
ﻟﻠﻤﺤﺘﻭﻯ (  6.42%)ﺔ  ﻭﺃﻋﻠﻰ ﻨﺴﺒ(4.31%)ﺘﻁﺒﻕ ﺒﻬﺎ  ﻫﺫﻩ ﺍﻟﺘﻘﻨﻴﺎﺕ ﻭﺍﻟﺘﻰ ﺴﺠﻠﺕ ﻤﺘﻭﺴﻁ ﺃﺩﻨﻰ ﻨﺴﺒﺔ 
ﺍﻟﻤﺴﺘﺴﺎﻏﺔ ﻭﺍﻟﺘﻰ ﺴﺠﻠﺕ ( ﺃ)، ﺍﻟﺘﻨﻭﻉ ﺍﻟﻨﺒﺎﺘﻰ ﻟﻠﻤﻭﺍﻗﻊ ﺍﻟﺨﻤﺴﺔ ﺼﻨﻔﺕ ﻓﻰ ﻤﺠﻤﻭﻋﺘﻴﻥ ﺭﺌﻴﺴﻴﺘﻴﻥ. ﺍﻟﺭﻁﻭﺒﻰ ﻟﻠﺘﺭﺒﺔ
(. 7.53)%، ﻭﺃﻋﻼﻫﺎ(4.12)%،ﺒﻴﻨﻤﺎ ﺍﻟﻐﻴﺭ ﻤﺴﺘﺴﺎﻏﺔ ﺃﺩﻨﺎﻫﺎ (6.87)%، ﻭﺃﻋﻼﻫﺎ (3.46)%ﺃﺩﻨﻰ ﻨﺴﺒﺔ ﻟﻬﺎ 
ﻗﻠﺔ ﺍﻟﺘﻤﻭﻴل ﻭﺍﻵﻟﻴﺎﺕ ( 1: )ﺍﻟﻤﺸﺎﻜل ﻭﺍﻟﻤﻌﻭﻗﺎﺕ ﺍﻟﺭﺌﻴﺴﻴﺔ ﺍﻟﺘﻰ ﻭﺍﺠﻬﺕ ﺘﺒﻨﻰ ﻭﺘﻁﺒﻴﻕ ﺍﻟﺘﻘﻨﻴﺎﺕ ﺘﻤﺜﻠﺕ ﻓﻰ
ﻏﻴﺎﺏ  ﺍﻟﺩﺭﺍﺴﺎﺕ ( 3)ﺘﻨﺴﻴﻕ ﺒﻴﻥ ﺍﻟﺠﻬﺎﺕ ﺫﺍﺕ ﺍﻟﺼﻠﺔ ﺴﻭﺀ ﺍﻹﺩﺍﺭﺓ ﻭﻀﻌﻑ ﻨﻅﺎﻡ ﺍﻟ( 2)ﻭﺍﻟﺘﺼﻤﻴﻡ ﺍﻟﺨﺎﻁﺊ 
ﺍﻹﻨﺸﺎﺀ، ﺍﻟﺼﻴﺎﻨﺔ، ﺍﻟﺘﺸﻐﻴل، ﺍﻟﻤﺭﺍﻗﺒﺔ ﻭﺍﻟﺘﻘﻴﻴﻡ : ﺴﻭﺀ ﺍﻟﻔﻬﻡ ﻓﻰ ﻤﺭﺍﺤل( 4)ﺍﻟﻌﻠﻤﻴﺔ ﻭﺍﻟﺒﺤﻭﺙ ﺍﻟﺘﻁﺒﻴﻘﻴﺔ ﺍﻟﻜﺎﻓﻴﺔ 
ﺍﻹﺩﺍﺭﺓ ﺍﻟﻤﺸﺘﺭﻜﺔ ﻟﻠﺴﺩﻭﺩ ﻭﺍﻟﺤﻔﺎﺌﺭ  : ﺃﻤﺎ ﺍﻟﺤﻠﻭل ﺍﻟﻤﻘﺘﺭﺤﺔ ﺸﻤﻠﺕ. ﻏﻴﺎﺏ ﺍﻟﺒﺭﺍﻤﺞ ﺍﻹﺭﺸﺎﺩﻴﺔ ﺍﻟﻔﺎﻋﻠﺔ( 5)
، ﻭﺍﻟﺘﻤﻭﻴل ﺍﻟﻜﺎﻓﺊ ﻭﺘﻭﻓﻴﺭ ﺍﻟﻘﺩﺭ ﺍﻟﻤﻨﺎﺴﺏ ﻤﻥ ﺍﻵﻟﻴﺎﺕ، ﺘﻘﻭﻴﺔ ﺍﻟﺒﺭﺍﻤﺞ ﺍﻹﺭﺸﺎﺩﻴﺔ،  ﺍﻟﺩﺭﺍﺴﺎﺕ (ﺸﻌﺒﻰ/ﺤﻜﻭﻤﻰ)
ﻟﻡ ﺘﻅﻬﺭ ﺃﻯ ﺨﻁﻭﺭﺓ ﺃﻭ ﻀﺭﺭ ﻟﺘﺒﻨﻰ ﺍﻟﺘﻘﻨﻴﺎﺕ ﺒﺎﻟﻤﻨﻁﻘﺔ ﻭﻤﺴﺘﻭﻯ .ﺍﻟﻌﻠﻤﻴﺔ ﺍﻟﻜﺎﻓﻴﺔ ﻭﺍﻟﻘﻭﺍﻨﻴﻥ ﻭﺍﻟﺘﺸﺭﻴﻌﺎﺕ ﺍﻟﻤﻨﺎﺴﺒﺔ
ﻴﻌﻜﺱ ﺇﻤﻜﺎﻨﻴﺔ ﺘﺒﻨﻴﻬﺎ ﻭﺘﻁﺒﻴﻘﻬﺎ ﻓﻰ ﻤﺸﺎﺭﻜﺔ ﺍﻟﻤﺠﺘﻤﻌﺎﺕ ﺍﻟﻤﺤﻠﻴﺔ ﻓﻰ ﺍﻟﻘﻴﺎﻡ ﺒﺄﻨﺸﻁﺔ ﺍﻟﻤﺸﺭﻭﻉ ﻜﺎﻨﺕ ﻋﺎﻟﻴﺔ ﺠﺩﺁ ﻤﻤﺎ
 ﺍﻵﻟﻴﺎﺕ ﻯﺨﻠﺼﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺇﻟﻰ ﺃﻥ  ﺘﻘﻨﻴﺔ ﺤﺼﺎﺩ ﺍﻟﻤﻴﺎﻩ  ﺘﻅل ﺃﺤﺩ. ﻤﺠﺘﻤﻌﺎﺕ ﻭﻤﻨﺎﻁﻕ ﻤﺨﺘﻠﻔﺔ ﻤﻥ ﺍﻟﺴﻭﺩﺍﻥ
( ﺃﻭﺩﻴﺔ، ﺨﻴﺭﺍﻥ ﻭﻤﻨﺨﻔﻀﺎﺕ ﻁﺒﻴﻌﻴﺔ ﻭﻏﻴﺭﻫﺎ) ﺍﻟﻬﺎﻤﺔ ﻟﺘﻨﻤﻴﺔ ﺍﻟﻤﻭﺍﺭﺩ ﺍﻟﻤﺎﺌﻴﺔ ﺍﻟﻤﻭﺴﻤﻴﺔ ﻭﺍﻟﻤﺘﻤﺜﻠﺔ ﻓﻰ ﻤﻴﺎﻩ ﺍﻷﻤﻁﺎﺭ
ﺴﺘﺨﺩﺍﻤﺎﺕ ﺍﻟﺤﻴﺎﺘﻴﺔ ﺍﻟﻤﺨﺘﻠﻔﺔ، ﻓﻰ ﺘﻭﻓﻴﺭﻤﻴﺎﻩ ﺍﻟﺸﺭﺏ ﻟﻺﻨﺴﺎﻥ ﻭﺍﻟﺤﻴﻭﺍﻥ ﺤﺘﻰ ﻴﻤﻜﻥ ﺍﻹﺴﺘﻔﺎﺩﺓ ﻤﻨﻬﺎ ﻓﻰ ﺍﻹ
ﻜﻤﺎ ﻭﺃﻥ  ﺇﺴﺘﺨﺩﺍﻡ ﻫﺫﻩ ﺍﻟﺘﻘﻨﻴﺎﺕ ﻴﻤﻜﻥ ﺃﻥ . ﻭﺍﻟﺯﺭﺍﻋﺔ ﻭﺇﺜﺭﺍﺀ ﺍﻟﻐﻁﺎﺀ ﺍﻟﻨﺒﺎﺘﻰ ﻭﺍﻹﺴﺘﺨﺩﺍﻤﺎﺕ ﺍﻟﻤﻨﺯﻟﻴﺔ ﺍﻷﺨﺭﻯ
 ﺘﻠﻌﺏ ﺩﻭﺭﺁ ﻫﺎﻤﺂ ﻭﺘﺴﺎﻫﻡ ﻭﺒﺼﻭﺭﺓ ﻓﻌﺎﻟﺔ ﻓﻰ ﺤﻤﺎﻴﺔ ﺍﻟﻘﺭﻯ ﻭﺍﻟﻤﺩﻥ ﻭﺍﻟﺒﻨﻴﺎﺕ ﺍﻟﺘﺤﺘﻴﺔ ﻤﻥ ﻁﺭﻕ ﻭﺴﻜﻙ ﺤﺩﻴﺩﻴﺔ،
ﻭﺤﻤﺎﻴﺔ ﺍﻟﻤﻨﺸﺂﺕ ﻭﺍﻟﻤﺸﺭﻭﻋﺎﺕ ﺍﻟﺯﺭﺍﻋﻴﺔ ﻤﻥ ﺍﻟﺴﻴﻭل ﻭﺍﻟﻔﻴﻀﺎﻨﺎﺕ ﻭﺒﺎﻟﺘﺎﻟﻰ ﺘﺩﻋﻡ ﺤﺴﻥ ﺇﺴﺘﻐﻼل ﺍﻟﻤﻭﺍﺭﺩ 
ﺘﻭﺼﻠﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺇﻟﻰ ﺘﻭﺼﻴﺎﺕ ﻤﺤﻜﻤﺔ ﻭﻀﺭﻭﺭﻴﺔ ﻴﻤﻜﻥ . ﺍﻟﻁﺒﻴﻌﻴﺔ ﻭﺘﺄﻤﻥ ﻤﺴﺘﻘﺒل ﺍﻟﺘﻨﻤﻴﺔ ﺍﻟﻤﺴﺘﺩﺍﻤﺔ ﺒﺎﻟﺒﻼﺩ
                                                          .                    ﺍﻹﺴﺘﻔﺎﺩﺓ ﻤﻨﻬﺎ ﻭ ﺍﻹﺴﺘﻨﺎﺩ ﻋﻠﻴﻬﺎ ﻓﻰ ﺍﻟﺩﺭﺍﺴﺎﺕ ﺍﻟﻼﺤﻘﺔ
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CHAPTER ONE 
  1. INTRODUCTION 
         Sudan has a diverse agroclimatological zones ranging from desert 
in the north to equatorial tropical forests in the south, that contain vast 
and large agricultural lands and natural rangelands suitable for grazing for 
all kinds of animals. The total area of rangelands in the country is 117.6 
million hectares. Forage produced from natural pastures represent 86.6 % 
of national animal feed requirements (Ministry of Agriculture, 2005).  
Northern Kordofan State lies in arid and semi-arid zones between latitude 
11º.15” 16º.45" N, and longitude 27º, 32º, 15" E. It also includes desert 
climate zone on the far northern parts and more humid climate to the 
south. The State covers an area of 58, 7 million feddans (25 million 
hectares) out of which 14.5 million hectares are rangeland 
(AFRICOVER, 2004). , the rainfall is characterized by high variability 
and recurrent drought; the water balance is in deficit most of the rainy 
season from May to October. However, August, the peak of the rainy 
season, is more consistent on rainfall. Food production is affected by 
overused sandy soils and the problematic sandy clay soils with its hard 
pan and crusty surface (gardud). The erratic rainfall often accompanied 
by storms, that precipitation is mostly lost due to severe runoff. Generally 
the state can be divided into four ecological zones extending from north 
to south as fallows:  
         1- The desert zones with rainfall ranging between 0 to 75 mm. 
         2- The semi-arid zone with annual rainfall ranging between 75 to 300 mm. 
         3-The arid zone of poor savannah in sandy soils ( central zone ) with 
rainfall between 300 to 400 mm .This is the cropping zone and the main 
crops grown here are sesame ( Sesamum oriental  ) ,millet ( Pennisetum 
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typhoidum ), sorghum, groundnuts and Roselle in addition to animal 
raising . 
          4- The low rainfall savannah in clay soils zone with rainfall ranging 
between 400 to 500 mm, (vertisols) deep cracking clay soil. Main crops 
are cotton, cowpea, sorghum, fruits, vegetables and sesame as stated by 
Reij et al., (1986). Areawise this zone is very limited. The seasonal 
rainfall frequency is irregular, and of no even amounts, intervals and the 
distribution, high inevitable drop and uncertainty of continuous rainfall, 
in the middle parts of the state. Consequently, the region is subjected to 
the menace of droughts and desertification and desert encroachment. The 
problems of drought and desertification are of deep roots in Kordofan 
since the beginning of the 20th century. Over the years, the region natural 
resources have been subject to serious deterioration as result of poor land 
use and mismanagement of natural resources. The drastic practices of 
wood cut for charcoal and building materials thus speed up chances of 
wind erosion that the sandy soils are severely transported and soil is 
rapidly degraded. Susceptibility of sandy soils to provide plant nutrients 
was very much affected by the removal of wood component, which is the 
main source of organic matter. Over cultivation and decrease of rainfall 
through decades, no doubt, resulted in increases of wind erosion, 
encroachment of the desert over arable land, and consequently emerged 
food insecurity. The negative impacts of overgrazing, seasonal fires, 
deforestation and expansion of cultivation on marginal lands are further  
          aggravated by recurrent droughts which destructed the region since 
1945.Bare soils often with no vegetative cover, devoid of finer particles 
and blowing sands which accumulate around and near by shrubs are 
common features. An integrated system of management of agricultural 
lands conserves soil and water and improves crop and fodder production 
and productivity at farmer’s level. Fundamental constraint limiting both 
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agricultural and livestock production for traditional procedures in 
Kordofan region of Western Sudan is insufficient, and some times 
inappropriate use of their resources base .This has dictated the need for 
rational approach to tackle the problems of food and water shortage and 
land degradation. Location wise, large parts of Kordofan lies in the arid 
and semi-arid zones and its northern parts are bordering the Sahara 
(Desert) according to Harrison and Jackson, (1958).Sudan Meteorological 
Department Reports 1960—1990, revealed that the northern parts of State 
lie in the desert and semi-desert zones, the central parts in the low rainfall 
savannah and southern parts in high rainfall savannah. The soil varies 
from sandy and non-cracking sandy clay in the north and the west to 
cracking clays in the south ( Madibo , 1995 ) . The population of the state 
is 3.75 millions, according to National census (1993), of which 63% are 
rural, 24% nomads and 13% urban. Animal population estimated at 5 to 6 
millions animal units (RPA, 2004). Animals raised are mainly sheep, 
goats and camels in the northern part of the state, sheep, goats and some 
cattle in the southern parts. In the northern part of the state land use is 
characterized by mobile pastoral systems practiced by different nomadic 
tribes where each tribe has its own territory. In the southern part of the 
state, land use is characteriz by a sedentary agro-pastoralist system. 
 North Kordofan State is a unique in its natural rangelands; being a 
homeland for many nomadic tribes, capable of sustaining all kinds of 
livestock; and many livestock routes cross the area. The State is one of 
the few states that specialized as a source of live animals for both foreign 
and domestic markets. Rangelands and arable lands in the State face 
many problems. These include seasonal fluctuation in animal feed 
quantity and quality, land degradation and desert encroachment, erratic 
rainfall and expansion of rainfed cultivation. The agricultural activities 
increased from 14% in 1972 to 45% in 1995 (Ministry of Agriculture, 
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2003). Therefore detailed evaluation for vegetation is necessary to 
describe the current status for both range and arable lands in semi-desert 
and low rainfall savanna. These measurements should be compared over 
time to detect the change that has happened to natural resources, using 
ground measurements, remote sensing and GIS techniques. Such 
evaluation would enable setting up strategies and measures aiming at 
solving constraints, conserving the environment and natural resources and 
improving productivity. Rainfall varies considerably over the extensive 
area of the sandy soils; crop cultivation is mainly practiced as shifting 
cultivation with tree fallow such as gum Arabic (Acacia senegal), in 
which farmers cultivate the same piece of land repeatedly. Such practice 
led to decline in land fertility and food production (Olsson, 1983). The 
irrational agricultural practices and the severe drought frequency resulted 
in much degraded soil. Such poor environmental conditions formed good 
haven for locust breeding, particularly desert locust. The two main 
systems of production in the state are: - 1 –Sivlo-pastoral, north the 
latitude 13˚ N, 2. Agro-Sivlo –pastoral (settled people), south of latitude 
13˚ N, which dominated by horticultural farming.The climate is 
characterized with high temperature, high evaporation and low relative 
humidity. Dry farming is the main practice (shifting cultivation ) on 
sandy and clay alluvial soils and raising animals for family needs .The 
sand, soils are used to produce the main family subsistence needs ,while 
clay , gardud and ( Widian ) soils are cultivated to produce cash crops ( 
Rij et al , 1986 ) .Wadis carry large amounts of surface runoff flowing 
down slope from the high lands . The surface runoff losses are great 
through evaporation and deep percolation. Further more, overgrazing, 
deforestation lower land productivity, reduce ground water recharge and 
eventually cause severe land degradation. In general , land productivity 
limits refers to erratic rainfall mainly lost by surface runoff .Water 
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harvesting and water spreading techniques are most suitable for soil and 
water conservation , which are considered as corner stone in our 
endeavors to increase water  availability,and are most suitable for soil and 
water conservation .The techniques adopted for water harvesting are 
classified into :- macrocatchment and microcatchment structures , which 
reduce water losses and may thus provide the required water for crops 
and fodder production . There is limited research work in the field of 
water harvesting in the region .Consequently this research work was 
undertaken to evaluate the impact of the applications of different types of 
water harvesting techniques on the remote settlement targeted as 
development plans all over the state with focus on Northern localities, 
which is characterized as very dry lands in Northern Kordofan State.  
The main objectives of this study are:  
           1-To evaluate water harvesting techniques by means of runoff catching 
and inducing water infiltration rates on the soil. 
           2- To propose suitable and applicable water management techniques to 
insure sustainable development. 
           3- To determine the size and the magnitude of adopted water harvesting 
and spreading techniques on farms of crops and fodder production 
improvement. As the size of the commendable land for irrigation by 
water harvesting can be determined for agricultural or range vegetation 
improvement and production. This is the practical solution to the 
horizontal expansion of rain fed farming which is the major cause of land 
degradation and desertification, the commendable area is need to be used 
in agricultural development, this is the alternative for the prevention of 
farming in marginal land which currently converted to desert land .  
          4- To measure water and food security through analyzing crop yield and 
water for agriculture and for human and animal supply. 
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       5- To assess degree of participation of communities in conservation, 
management and sound utilization of the natural resources and 
environmental conservation. 
       6- To propose solutions to critical water stresses during periods of the dry 
seasons by demonstrating the suitable techniques according to the 
purpose of use. 
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CHAPTRE TWO 
2. LITERATURE REVIEW 
2.1 General 
         Water has an essential role in sustaining life and development especially 
in arid and semiarid regions. According to United Nations Report, 
published recently (2003), water resources will steadily decline because 
of population growth, pollution and expected climate change due to the 
problem of global warming. Hence, the water crisis is getting more 
attention among all countries specially the developing ones. Of all the 
social and natural crises we human face, the water is one that lies at the 
heart of our survival and that of our planet. Therefore, new strategies and 
techniques to deal with water problems are highly needed .Water 
harvesting and spreading techniques succeeded in providing a feasible 
solution for improving the living conditions of many millions of people 
facing serious water supply problems.                          
Water harvesting technique goes back in the old history. It is an old and 
ancient method for collecting water, practiced by man as long as life 
exists on this planet. Much of the early history of rain water harvesting 
has its origins in many parts of the world. The old civilizations developed 
in western Asia and in the central and northern Africa gave strong 
evidences that they had known water harvesting. It is believed that in 
southern Jordan, early water harvesting structures are constructed more 
than 9000 year ago. Extensive rainwater harvesting apparatus existed 
4000 years ago in Negev Desert where runoff agriculture can be traced 
back (Gerston, 2003). In central Sudan where the Meiotic Kingdom dates 
back to seven thousands of years in history, runoff agriculture was 
traditionally used for crop production. In Egypt, the northwest coast and 
northern Sinai areas have a long tradition in using some of the harvesting 
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techniques such as wadi runoff cultivation. In the Arabian Peninsula, a 
system dating back to more than 1000 years BC diverted runoff water to 
irrigate 20000 hectares was constructed in Yemen. The system was 
believed to produce crops that might have fed as many 300000 as people 
(Oweis et.al, 2001). In North Africa countries like Libya, Tunisia, 
Algeria, and Morocco, a number of types of water harvesting techniques 
still exist, in Sudan Gash delta and Toker water spreading established 
since the colonial time. Water harvesting was also known in central and 
eastern Asia. Specifically, it was known in India, China, and Pakistan 
since immemorial times. In these countries, local names such as Tankas 
(small tanks), Khadin (earthen embankments built across lower hill 
slopes), Apanti (terraced valley for rice cultivation), and Ruza 
(impounding runoff combining water conservation, forestry, agriculture 
and animal care) was given to rain water harvesting. These methods were 
applied in ancient times, and are still in use today.                                                            
Even in pre-Roman times, water–harvesting techniques were applied 
extensively in Europe and North Africa. In ancient Rome, residences 
were built with individual cisterns and paved courtyards to capture 
rainwater to augment water from the city’s aqueducts. And as recently as 
early in this century, rainwater was the primary water source on many 
ranches, with stone and steel cisterns still standing on homesteads upon 
which wells were long ago drilled. In Europe, and as per the United 
Nations Environmental Programmer (UNEP, 1983) Report, the location 
of towns and industrial and commercial centers was determined by 
physio-geographic factors, in which the availability of water and 
communal use is the principal factor. On small islands with no significant 
river system, rainwater is the only source of water. The island of Gibraltar 
has one of the largest rainwater collection systems in existence. (Gerston., 
2003).                                                               
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     2.2 Basic Concept of Water Harvesting:                                                          
The basic concept and idea behind the term “rainwater harvesting” appear 
through many definitions available in many texts, Books and published 
reports. Although there is no internationally accepted definition for water 
harvesting (Prinz, 2003), some of the current definitions can be quoted 
here.   
The United Nations Environmental Programmer (UNEP, 1983) defined 
rainwater harvesting as “the deliberate collection of rainwater from 
surface (catchments) and its storage to provide a supply of water”. 
According to UNEP the process is considered as distinct from the natural 
runoff of water into Perennial River, which is then collected and stored in 
reservoirs. Oweiset.al. (2001) gave another definition by considering it as 
“concentration of precipitation through runoff and storage for beneficial 
use” The definition was based on the principle of depriving part of the 
land from its share of rain, which is usually small and non-productive, 
and adding it to the share of another part. A similar to this definition was 
given by the International Water and Sanitation Centre (IRC, 1992) in 
which rainwater harvesting is considered as “the collection, concentration 
and storage of water that runs off a natural or man made catchments 
surface”. However, many researchers simply defined water harvesting as 
“the techniques used for collection of rainwater, which could be 
conserved for direct use later on or could be recharged into the 
groundwater”. The common factor in these definitions is that water 
harvesting is the capture, diversion, and storage of rainwater for many 
uses mainly in plant irrigation in which water is becoming available to the 
crop and closer to its requirements and thereby permits economic 
agricultural production. Hence, the main aim is to manage the rainwater 
from the moment it falls and ensure that most of it is used productively 
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before it returns to the atmosphere by evaporation (Ahmed& Eldaw, 
2003).                                                                                                      
Water harvesting may occur naturally or by intervention. Natural water 
harvesting can be observed after heavy storms, when flows to 
depressions, providing water for areas of farmers to cultivate. Water 
harvesting by intervention involves inducing runoff and either colleting 
or directing it, or both, to target area for use. Water harvesting may be 
developed to provide drinking water for human and animals as well as for 
domestic environmental purposes. Whether used for irrigation, 
augmentation, or as an alternative to traditional supplies, rainwater 
harvesting is a viable option for new and existing construction, and will 
decrease the population’s reliance on groundwater supplies and reduce 
demand for surface water. Depending on local environmental conditions, 
water form of rainfall over an area is called the rainwater endowment of 
that area. Out of this, the amount harvested may provide a supplementary 
supply, an alternative supply or the only feasible supply especially in 
rural areas of arid and semi-arid (ASA) zones. In western Sudan the 
Tebeldi Tree ( Adonsonia digitata ) is used particularly in the Basement 
complex zones, in Kordofan and Darfure as a reservoir for water storage 
during the rainy-season, so as to be used during summer for drinking and 
for cocking of food . Heady (1958) in his Book Agriculture in the Sudan, 
he noted that in Kordofan and Darfure they cultivate two crops one to eat 
(Sorghum), and the other to drink (Watermelon).   
    2.3 Classification of water Harvesting:  
Rainwater harvesting has many types with various classifications, forms 
and names worldwide. The following water harvesting classification 
systems were proposed: (Fig: 1)                                                                                       
I.  The classification of Pacey (1983) is based on the source of 
water and the form of runoff. 
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II. Matlock el.al. (1986) classified water harvesting according to 
the form of runoff into water spreading, diversion and micro 
catchments water harvesting. He also classified it according to 
its use for crop production, domestic and livestock. 
 
III. Burins et.al. (1986) classified water harvesting according to 
geomorphology as follow. 
• Microcatchment systems which have catchments less than 100m 
from the run-on. 
• Terraced wadi system: This involves building of low check dams 
across awadi to enable the water to be stored in the soil.  
• Hillside conduit systems: water is harvested on the middle or 
upper of the hillside slope and diverted by means of conduit 
channels to field or storage reservoirs.  
• Liman system: A check dam of stone or earth built in the land to 
retain water from the wadi and spillway regulates the levels of 
water to prevent destruction. 
• Diversions system: Runoff flood waters in a wadi raised by 
structures built and diverted onto adjacent fields. 
One of the famous classifications of water harvesting techniques is given 
in appendix (1).                                                                                                             
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Fig. (1). Classification of water harvesting techniques: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         2.4 Types of catchments Rainwater Harvesting   
2.4 Types of Catchment’s Rainwater Harvesting:- 
Rainwater Harvesting 
(Local source) 
Water Harvesting 
Runoff Harvesting 
(Overland/rill flow) 
Floodwater farming 
(Water spreading*) 
Runoff farming** 
Microcatchment systems 
(Short slope catchment’s techniques) 
External catchments system 
(Long slope catchment’s 
techniques)
Plant 
production 
 
Water supply 
Plant 
production 
 
Water supply 
 
Water supply 
 
Soil storage 
Deep 
pounding 
 
Soil storage 
Deep 
pounding 
Deep 
pounding 
Notes
* Water supply system (i.e.ponded water) used for a variety of purposes, mainly 
domestic and stock water but also some supplementary irrigation.                     
** the term “farming” (as in “Runoff Farming”)is used in its broadest sense to include 
trees, agro forestry, rangeland rehabilitation, etc..                                                        
Floodwater Harvesting 
(Channel flow) 
Rooftop Harvesting 
(Collection from roof) 
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2.4 Types of Catchments Rainwater Harvesting:- 
2.4.1. Microcatchment water harvesting:  
Water harvesting system is a method of collecting surface runoff from a 
small catchments area and storing it in the root zone of an adjacent 
infiltration basin. This infiltration basin may be planted with a single tree, 
bush or with annual crops (Boers&Ben-Asher, 1982).             
2.4.2. Medium-sized catchments water harvesting:                          
Water harvesting from medium sized catchments (100 m2-20ha) is 
defined by many authors as (water harvesting from long slopes) as 
(macro-catchments water harvesting) or (harvesting from external 
catchments system) (Prinz, 2003).                                                               
2.4.3. Large catchments water harvesting: 
large catchments water harvesting comprise system with the 
catchments being many square kilometers in area , runoff through a 
major stream or wadi; and complex structures are needed ( dams, 
distribution network …etc).                                                                                      
    2.5 Factors Influencing Water Harvesting Potentials:  
The total amount of water that received in that can be effectively 
harvested is called the water harvesting potential. Among the several 
factors that influence the rainwater harvesting potential of a site, eco-
climate conditions and the catchments characteristics are considered to be 
the most important.     
The amount of rain water harvested depends on:                                               
     2.5.1 Climate: 
Water harvesting is feasible under all climate conditions. However, it is 
essential in arid and semi-arid regions where agricultural production is 
limited primarily by the low quantity and erratic characteristics of rainfall 
(intensity, duration, distribution).                                                                       
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Rainfall is the most unpredictable variable in the calculation. To 
determine the potential rainwater supply for a given catchments, reliable 
rainfall data are required, preferably for a period of at least 10 years. Also 
it would be far better to use rainfall data from the nearest station with 
comparable conditions. The number of annual rainy days also influences 
the need and design for rainwater harvesting. The fewer the annual rainy 
days (or longer the dry period) the more is the need for rainwater 
collection in region. However; if the dry period is too long, big storage 
tanks would be needed to store rainwater. Hence in such regions, it is 
more feasible to use rainwater to recharge groundwater aquifers.                                    
    2.5.2 Runoff and catchments characteristics: 
Runoff depends upon the area and type of the catchment over which it 
falls as well as surface features. Higher elevations and longer catchment 
areas produce more runoff. In the northern hemisphere, north facing 
slopes produce more runoff than the southern facing slopes (Ben Asher et 
al. 1985). Smaller catchments are more efficient than longer catchments. 
All calculations relating to the performance of rainwater catchment 
systems involve the use of runoff coefficient given by ration of the 
volume of water that runoff a surface to the volume of rainfall that falls 
on the surface. The Runoff Coefficient, appendix (2), is applied in order 
to take into account the losses due to spillage, leakage, seepage, 
infiltration, catchment surface wetting and evaporation.                                                  
     2.5.3 Soils and Tillage:-                                                                          
In general, the soil in the catchment area should promote surface runoff, 
whereas the soil in the cultivated area should be deep and with high water 
holding capacity so that the runoff water can be stored in it (Evenani et 
al. 1971). The infiltration capacity is among other dependent on the 
porosity of soil which determines the water storage capacity and affects 
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the resistance of water to flow into deep layers. Porosity differs from one 
soil type to the other. The highest infiltration capacities are observed in 
loose sand soils while heavy clay or loamy soils have considerable 
smaller infiltration capacities, (FAO, 2002). Thus shallow soils, clay soil 
and soils with a high percentage of rock out crop are more favorable for 
water harvesting. High swelling clay content, high sodicity, high bulk 
density and crusting restrict infiltration and promote surface runoff. Study 
of the effects of tillage systems and contour diking distances that varied 
in the pattern of surface configuration and runoff capturing distance on 
sandy clay soils of western Sudan showed that chisel plough and 10-m 
contour dikes resulted in improved soil physical properties pertaining to 
water conservation, and were significantly different from other 
treatments. Surface water supply and available water storage under these 
treatments were markedly increased and provided adequate plant stand 
growth to support top yield. This is attributed to the fact that, as severity 
of drought is reduced, plant growth is improved and the probability of 
plants reaching maturity is increased. (Omer and Elamin, 1997).The 3-
years average grain yields for chisel, broad- bed and furrow, ridge-furrow 
and no-till were 1448 kg\ha, 842 kg\ha, 701 kg\ha and 299 kg\ha, 
respectively. The chisel had significantly greater yield than other systems 
at the 1% level and out-yielded the no-till, ridge-furrow and broad-bed 
and furrow by about 384 %, 107 % and 72 %, respectively. The mean 
grain yields were about the same for no-contour and 20-m dikes, but were 
significantly different from 5-m and 10-m contour dikes at the 5 % level 
which was consistent with the percentage of plants producing heads. 
Shorter distance contour dikes had greater influence on water retention. 
Contour dikes produced grain and dry matter with less difference in yield 
between the highest yielding contour dike (10 m) and other contour dikes. 
Thus, yield differences are more likely to be associated with chisel 
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system rather than with contour diking treatment (Omer and Elamin, 
1994). Crop yield stability analysis showed that a major advantage of the 
chisel plough is that the chances of crop failure were reduced with 
seasonal rainfall fluctuations. These types of results could lead to 
recommendations that chisel and 10-m contour diking distance can 
provide suitable dry land soil and water management tools for cultivation 
of sandy clay soils of western Sudan to be utilized as production 
alternative to poor sand soil in both yield and economic ground (Omer 
and Elamin, 1997).                                                    
2.5.4 Vegetation Cover: 
The amount of rain lost to interception storage on the foliage depends on 
the kind of vegetation and its growth stage. Values of interception are 
between 1 and 4 mm. A cereal crop, for example, has a smaller storage 
capacity than a dense grass cover. More significant is the effect the 
vegetation has on the infiltration capacity of the soil. A dense vegetation 
cover shields the soil from the raindrop impact and reduces the crusting 
effect as described earlier. In addition, the length and distribution of the 
lateral root system use more water for Acacia Senegal growth (Kordofan 
Special Fund Project (1962-1965) as well as organic matter in the soil 
increases the soil porosity, thus allowing more water to infiltrate. 
Vegetation also retards the surface flow, particularly on gentle slopes, 
giving the water more time to infiltrate and to evaporate, an area densely 
covered with vegetation, yield less runoff than bare ground. Vegetation 
affects infiltration rate, crusting, runoff and erosion, also vegetation cover 
protects the soil from the direct impact of rain drops, conserves soil 
structure and sustains high infiltration rate thereby reduces surface runoff.                     
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2.6 Water Harvesting Techniques:  
This section emphasizes the techniques which harvest water for plant and 
animal production purposes. (Fig: 2)                                                                              
2.6.1. Water harvesting from short slopes: 
Water harvesting from short slopes is referred to by different authors as 
water harvesting from small catchments, within field catchment, and 
microchtchment. The runoff trajectory of this small catchment ranges 
from less than 25 to 150m within a shortest slope in the order of 1 to 2 m 
(Booers et al. 1982). The critical parameter for microcatchment design is 
catchment/ cultivated area ratio (CCR). The CCR values for various 
regions varied between 1:1 and 12:1 (Pacey, 1983). Shanan and Tadmor 
(1979) subdivided water harvesting techniques from short slopes into: 
catchment basin (negarim), contour runoff strips (shananim), contour 
bench terraces and micro catchments.                                                                                
2.6.1.1 Negarim micro catchments: 
They are shallow pits or infiltration basins with border wings 15 to 20 cm 
high to convey the water into the basins. The pits are laid adjacent to each 
other usually on gentle slope. The slopes generally should be between 1 
to 7 % and the wings of one pit run oblique to the lowest point of the two 
nearest upslope pits. The diagonal distance between the lowest corner and 
the furthest corner varies from country to another.                                                   
2.6.1.2 Semi-circular and triangular micro catchments: 
These techniques consist of small bounds shaped (earth embankments) 
either as semi-circles or triangles constructed on contour line with the tips 
of the bunds. Water is pounded behind the bounds. The semi-circular and 
triangular bunds (STB) are used mainly for rangeland rehabilitation or 
fodder production but have also been used for growing trees and shrubs 
and in some cases for growing crops. They can be used in arid and semi-
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arid areas with annual rainfall between 200-750mm and are suitable for 
all soil types which are not too shallow or saline.                                                            
For dry areas suitable bunds should be widely spaced with radii of 20 m. 
STB are constructed in a staggered fashion with runoff producing areas 
in-between. For details of construction refer to Critchley and Siegert 
(1991). The bunds are 0.3 m in height with a base width of at least 0.8 m, 
side slopes of 1:1.5 and crest width of 0.2 m and the semicircular 
microcatchment have radii ranging from 4 to 12 m. In Burkina Faso and 
Kenya they are laid out in rows on the contour. The semi-circular micro 
catchments are used for improving degraded lands whereas triangular for 
tree cultivation. Both systems were successful in region of 150 to 200 
mm and they may be easily constructed by hand.                                                              
As with all earthen structures, the most critical period of STB is when 
rainstorms occur just after construction since at this time the bunds are 
not yet fully consolidated. Any breakage must, therefore, be repaired 
immediately. Together with grasses or crops, tree and shrub seedlings 
many be planted within the bunds.                                                                                
2.6.1.3 V- shape microcatchment: 
It is a V- shaped microcatchment with or without a planting hole or basin. 
In heavy rains runoff more than the capacity of the hole spills over at the 
end of the collecting drain. The recommended length of the collection 
drain is 3 to 5 m and spacing 5 × 5 m or 400 trees/ hectare. Generally this 
technique suits best for planting trees and to some extend crops.                                     
2.6.1.4 Masakat:  
El Amami (1983) described a very old system which exists in Tunisia and 
had its greatest extent in Roman times and now it is used for planting fruit 
trees in areas receiving 200 to 400 mm annual rainfall. The catchment is 
called masakat. The masakat is cultivated with trees in the direction of 
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slope and around the cultivated area abound is constructed about 20 cm 
high and equipped with spillways.                                                                                    
2.6.1.5 Contour ridges:  
Contour ridges, some times called contour furrows or micro watersheds, 
are used for crop production in dry areas with rainfall of 350 mm or 
more. It is a micro catchment technique in which the amount of harvested 
runoff is comparatively small due to the small catchment area. In this 
technique, ridges follow the contour at a spacing of usually 1-2 m. Rain-
off is collected from the uncultivated strip between the ridges and stored 
in a furrow, just above the ridges.                                                                                      
Crops are planted on both sides of the furrow. The system is simple to 
construct- by hand or by machine, and can be even less labour intensive 
than the conventional tillage of a plot. The yield of run-off from the short 
catchment length is extremely efficient and when designed and 
constructed correctly there should be no loss of run-off from the system. 
Another advantage is the even growth due to the fact that each plant has 
approximately the same contributing catchment area (Gritehley and 
Siegert, 1991). The overall layout consists of parallel or almost parallel 
earth ridges at a spacing of 1-2 m. A diversion ditch may be necessary to 
protect the system against run-off from outside. For a typical distance of 
1.5 m between ridges, the catchment to cultivated area (C: CA) ratio is 
2:1; i.e. a catchment strip of 1 m and a cultivated strip of half a meter. A 
distance of 2 m between ridges would give a 3:1 ratio. The C: CA ratio 
can be adjusted by increasing or decreasing the distance between ridges. 
At the end of each season the ridges need to be re-built to their original 
height. After two or three seasons, depending on the fertility of the soil, it 
may be necessary to move the ridges down slope by approximately a 
meter or more which will result in afresh supply of nutrients to the plants. 
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The main crop, usually a cereal, is seeded into the up slop side of the 
ridge between the top of the ridge and the furrow. At this point the plants 
have a greater depth of top soil. An intercrop, usually a legume, can be 
planted in front of the furrow. It is recommended that the plant population 
of the cereal crop be reduced to about 65% of the standard for 
conventional rainfed cultivation. The reduced number of plants will have, 
thus, more moisture available particularly in years of low rainfall 
(Gitchley and Siegert, 1991). In the Qoz sand of Darfur State, millet is 
grown on the side of the Qoz, whilst sorghum which requires more water, 
is grown in the depression between two Qozes, where more water 
collects. This is because, farmers, through experience, realized that the 
root system of millet gets deeper into the sandy soil than roots of 
sorghum. The technique has a very small safety factor due to the narrow 
furrows which allow a very small storage capacity. Micro catchments 100 
m² are used in Kenya for growing trees and crops. More narrow spacing 
is used for sorghum production.          
2.6.1.6 Contour bunds: 
This type of run-off farming consists of a series of parallel or almost 
parallel, earth bunds approximately on the contour. The bunds are spaced 
5-10 m apart with a height of 20-40 cm and base width of at least 75 cm. 
The bunds are formed with soil excavated from an adjacent parallel 
furrow in their up slop side. Small earth ties perpendicular to the bund in 
the up slope side subdivide the system into micro catchments. The ties 
should be at least 2 m long at spacing of 2-5 m. Infiltration pits are 
excavated in the junction between ties and bunds with a size ranging 
between 10-20 m². The bunds are built in a level grade with ties in the 
basin and stone wall on the lower side of the earth bund to reduce damage 
if the basin is over topped by runoff water. Contour bunds are used in 
Ethiopia for soil and water conservation. Although contour bunds are 
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used primarily for trees, they could be ideal for agro forestry. Tree 
seedlings, of at least 30 cm height, should be planted immediately after 
the first run-off has been harvested. The seedlings are planted in the space 
between the infiltration pit and the cross-ties. Manure or compost can be 
added to the planting pit to improve fertility and water holding capacity. 
Crops or fodder may be grown between the bunds. The disadvantages of 
this system include uneven distribution of soil moisture and high labour 
requirements.                                                                                   
2.6.1.7 Zai (A pit) microcatchment:  
In Burkina Faso zai micro catchments are practiced on very short slopes. 
The techniques consist of digging holes with depths of 5 to15 cm and 
diameters ranging between 10 and 30 cm. The usual spacing ranges from 
50 to 100 cm and CCR ranges between 1:1 and 3:1 (Wright, 1984). Some 
manure and grasses are mixed with some earth and put into zai and the 
rest of the earth to form a small dike down slope of the pit. The 
application of manure improves soil fertility and structure. Zai is used for 
rehabilitation of degraded land which is bare and crusted.                                                
2.6.1.8 Trapezoidal Bunds (micro catchment): 
Trapezoidal bunds (TB) are similar in principle to the semicircular but 
they are used to enclose large areas (up to 1 ha) and to impound large 
quantities of runoff which is harvested from an external or long slope 
catchment. The size depends on CCR and a free board of 0.4 m 
recommended.                                
The spillways paved with stones to protect against flows and erosion. 
Land leveling is important to achieve uniform irrigation and this is not 
recommended in low fertile soil. The name is derived from the layout of 
the structure which has the form of a trapezoid. The layout allows three 
sides of a plot to be enclosed by bunds while the fourth (up slop) side is 
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left open to allow runoff to enter the field. The main advantage of this 
technique is the simplicity of design and construction may be done by 
mechanical equipment or by hand labour and the slope should not be 
steeper than 3%. The system introduction by Lal (1986) in Brazil is W- 
shaped with alternate wide and narrow ridges and a pair of asymmetric 
furrows following the contour, the minimum maintenance required. It is 
suitable for arid and semi-arid areas with rainfall between 250-500mm 
with low ground slope. Trapezoidal bunds may be constructed as a single 
unit, or in sets. In the latter case, they are arranged in a staggered 
configuration; units in lower line intersect over flow from the bounds 
above. A common distance between the tips of adjacent bunds within one 
row is 20 m with 70 cm spacing between the tips of the lower row and the 
base bunds of the upper row. It is not recommended to build more than 
two rows of trapezoidal bunds since those in a third or fourth row receive 
significantly less runoff (Critchley & Siegert, 1991).                     
Breakages caused by poor construction, damaging runoff or rodents 
should be repaired immediately. Repairs to the wings will be frequently 
needed when overflow occurs. Allowing natural vegetation to grow in the 
bunds leads to improved consolidation by the plant roots. Trapezoidal 
bunds are used for planting either crops or trees, the narrow ridges act as 
the planting zone and the furrow as concentration zones and pathways.                         
 
 
 
 
 
 
 
 
 
 
 
 23
Fig. (2). Water harvesting techniques 
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2.6.2 Water harvesting from long slopes:- 
Water harvesting from long slopes is referred to as macrocatchment water 
harvesting. Stone contour bunds are commonly used with dimension 
depending on size and quantity of stones (Pacey and Cullis, 1986). 
Usually they are 15to30 cm high with spacing ranging from 10 to 25 m. 
they are constructed on degraded lands with hard surface crust. Stone 
contour bunds are semi-permeable structures. Recently various research 
projects adopted semi-circular and trapezoidal bunds to this system to 
study the impact of water harvesting on crop yield (Hulugalle el al. 
1990). Other macrocatchment includes hillside conduit system using 
check dams and spillways.   
2.6.3 Flood water harvesting within the streambed:  
This technique concentrates runoff in the stream bed by blocking the 
water flow and the valley floor is cultivated. In this case the harvested 
water is used on the spot. The stream bed is either the valley bottom or 
the flood plain. According to Gilbertson (1986) the traditional cross wadi 
stone walls in Jordan have average height of 0.5 to1m and the spacing is 
in influenced by availability of stones and physiographic factors. In 
Mexico the inbed flood water harvesting system are called silt traps 
(UNPE 1983). In many places terraced wadi system exist with 
impermeable earth dams (Bonvallot, 1986), and in Tunisia it is called 
jessour . In Pakistan flash floods are captured by earth bunds.                                         
2.6.4 Flood water diversion:  
Diversion techniques force the water to leave its natural course. The 
water is directed from seasonal streams, through dams and bunds to a 
near by location suitable for crop production .The application is a form of 
water spreading .The famous example of flow diversion from ancient  
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Times are found across wadi Dhana near Mario in Northern Yemen 
(NAS, 1974).           
2.6.5 Cultivated reservoirs:  
Cultivated reservoirs store water above the ground level for longer period 
behind large bunds and they collect runoff from stream or long slopes. 
The bottom of the reservoirs is cultivated after the water dried out. 
Samples of cultivated reservoirs are in many countries. Pacey and Cullis 
(1986) mentioned the use of embankment in Sudan on large gently 
sloping clay plains and the embankment which receive runoff are 
cultivated after water intake.                                                                                              
2.6.6 Retardance dams: 
Retardance dams sometimes called check dams which are small stone or 
gabion structure built across seasonal rivers to retard or check the flows 
and the crest act as spillway. Check dams extend the flow duration and 
enable a large quantity of water to infiltrate and it is a form of aquifer 
recharge. Water can be harvested from wells or deep boreholes. They are 
effective when a number of dams are built along the same river and it is 
used with catchment areas ranging from 20km² for local use to large 
basin of 4000km² for regional aquifer recharge.                                                                
2.6.7 Underground dams: 
It is a vertical barrier constructed across the bed of the stream below the 
ground surface .It is recommended where the valley walls are relatively 
impervious rock and the bed rock is not too deep. This system has many 
advantages e.g.: less evaporation, no siltation problems, no expensive 
spillway construction, no flood hazards and no loss of land.                             
2.6.8 Contour stone Bunds (CSB):  
They are used to slow down and filter run-off, thereby increasing 
infiltration and capturing sediment. This technique is well suited to small  
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Scale application on farmer’s field and, given an adequate supply of 
stone, can be implemented quickly and cheaply. The filtering effect of the 
semi-permeable barrier along its full length gives better spread of run-off 
than earth bunds are able to do. Furthermore, stone bunds require much 
less maintenance’s CSB for crop production are suitable for arid and 
semi-arid areas with rainfall between 200-750mm. They are suitable for 
all types of soil and topography which need not be completely even. The 
spacing between bunds ranges normally between 15to30m, an initial 
minimum bund height of 25cm is recommended, with a base width of 
35to40cm (Critchley and Siegert, 1991).                                                                           
Under such circumstances, bunds should be built with less lightly packed 
stones to reduce siltation. Alternately, grasses such as Vetiver or 
Andropogon gayanus, can be planted alongside the bunds to reduce 
siltation and increase bund height and effectiveness. These grasses have 
various uses for farmers. For re-habilitation of infertile or degraded lands, 
it is recommended that the bund be supported by a further technique that 
of planting pits known in West Africa as (Zai). These pits which are 
usually about 0.9m a part are up to 0.15m deep and 0.30m in diameter. 
Manure is placed in these pits to improve fertility and plant growth. The 
pits also concentrate local run-off which is especially useful at the 
germination and establishment phase (Critchtey and Siegert, 1991).                                
2.6.9 Water spreading Bunds: 
Water spreads bunds are used to spread floodwater. The bunds, which are 
usually made of earth, slow down the flow of flood water and spread it 
over the land to be cultivated, thus allowing it to infiltrate. These 
techniques are suitable in hyper-arid and arid areas with rainfall 100 to 
350mm. The land must be sited close to a wadi or similar water course, 
usually in a flood plain with alluvial soil and gentle slop, the technique is 
appropriate for arid areas where floodwater is the only realistic choice for 
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crops or fodder production, and particularly cereals. Sorghum and millet 
are the most common, Plate (1). Nevertheless with systems which depend 
on floodwater, damaging floods will inevitably occur from time to time, 
and repairs may be needed at any stage. However, if the crop fails from 
lack of subsequent flooding or if it is buried by silt or sand, the cultivator 
should be prepared to replant (Gitchley and Siegert, 1991).                                            
2.7 WH in Relation to Crop, Tree, Range land and fodder 
production: 
The production aspects of water harvesting are related to plant type, 
species and density. There is little information available about the water 
requirements of multipurpose trees planted under rainwater harvesting 
systems in semi-arid areas. In general, the water requirements for trees 
are more difficult to determine than for crops. Trees are relatively 
sensitive to moisture stress during the establishment stage compared with 
their ability to withstand drought once their root systems are fully 
developed. There is no accurate information available on the response of 
these species, in terms of yields, to different irrigation/water regimes. The 
critical stage for most trees is in the first two years of seedling/sapling 
establishment. Trees require application of water at points whereas annual 
crops require even distribution of water in the field. There are some 
known values of water requirements for fruit trees under harvesting 
system, most of the figures have been derived from Israel.                                               
Water requirement for range land and fodder species grown in semi-arid 
and arid areas under water harvesting system are usually not calculated. 
The objective is to improve performance, within economic constraints, 
and to ensure the survival of plants from season to season, rather than 
fully satisfying water requirement. Grasses are more resistant to Water  
Stress than cereal crops. Soil requirements for water harvesting include 
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Plate 1 (a) Water harvesting and spreading process.  
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Plate 1 :( b) Water harvesting and spreading process.  
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The physical, chemical and biological properties of the soil which affect 
the yield response of plant to extra moisture harvested. Generally the soil 
characteristics for water harvesting should be the same as those for 
irrigation. Ideally the soil in the catchment’s area should have a high 
runoff coefficient while the soil in the cultivated area should be a deep, 
fertile loam. Where the conditions for the cultivated and catchment areas 
conflict, the requirements of the cultivated area should always take 
precedence. The important aspects of soils which affect plant 
performance under water harvesting system are, texture, structure, depth, 
fertility, salinity/sodicity, infiltration rate, available water capacity 
(AWC), and constructional characteristics. Generally the soils which 
should particularly be avoided are those which crack on drying, namely 
those which contain a high proportion of montmorillonite clay (especially 
vertisols or “black cotton soils”), and those which form erodible bunds, 
namely very sandy soil, or soils with very poor structure. The highest 
crop water needs are thus found in areas which are hot, dry, windy and 
sunny. The lowest values are found when it is cool, humid and cloudy 
with little or no wind. It is clear that the crop grown in different climatic 
zones will have different water needs. (FAO, 2000), Crtchley (1987) 
summarized the existing experience in Kenya. He stated that sorghum 
requires between 450 to 650 mm for maximum yield. It has a low yield 
response factor and can withstand water logging and drought. Pearl millet 
needs less water than sorghum, drought tolerant, less sensitive to the soil 
fertility and doesn’t tolerate water logging. Legumes do not tolerate water 
logging, display drought tolerance and early maturing. Fodder and 
grasses are usually much more drought resistant than food crops. Many 
trees species are not resistant to water logging.                                                                 
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Several techniques have been employed to reduce surface runoff and 
increase storage of soil moisture. These include: pitting, ripping, 
chiseling, furrowing (contour or otherwise), terraces and water spreaders 
and land imprinting. Various mechanical devices may be used in their 
construction from bulldozers to eccentric dices, either in established 
stands of vegetation or in conjunction with seeding operations. The 
Range and Pasture Administration in Khartoum State established several 
earth and concrete dams in Wadi Abu Suwaid, Wadi El Hamad and 
Kababeach in East Nile Governorate, east of Khartoum. These dams and 
hafirs proved successful in collecting and directing runoff to seeded 
areas. They improved cover vegetation in the seeded area and 
neighboring sites through seed dispersal by wind (Hussain, 1964). Water 
harvesting and spreading has so greatly increased grass growth on range 
areas in New Mexico than has been harvested from lands formerly of low 
production even for grazing. Forage increase of 350 % has been noted on 
areas in Montana as a result of spreader construction. Similar system of 
water management is used by African pastoralist for crop production and 
for range forage supplementation. The primary aim of terraces is to retain 
water on the land and prevent erosion, although vegetation is also 
benefited. Terraces should be leveled or have a very slight gradient 
conducting the water away from the natural drainage. The size or capacity 
of terrace varies with the topography and the amount and distribution of 
precipitation (Abusuwar, 2007).                                          
Recently the land imprinter, developed by Bob Dixon of the USDA in 
Tuscan, Arizona, proved an effective water harvesting tool assisting in 
revegetation of arid rangelands (Abuswar, 1986).                                             
Most micro catchment techniques are used for trees plantation and a few 
for crop production. In Niger semi-circular bunds are used for cultivation  
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of millet and cowpeas and yield of 600 kg/ha had been reported with 300 
mm rainfall (Reij et al, 1986). In Niger workers reported that acacia trees, 
millet, sorghum and cowpeas were sown in V-shaped micro catchments. 
In Kenya semi-circular bunds of 300 m2 were used for growing sorghum, 
millet, and legumes. Flood water harvesting techniques was used in 
Tunisia and Jordan for cultivating trees and cereals mainly barely (El 
Amami, 1983). Various annual crops are grown behind rock dams in 
Mexico, China and Burkina Faso (UNEP, 1983). Flood water diversion 
system is used for growing fodder and sorghum in Turkana and for 
growing trees, wheat and maize in Somalia. Cultivated reservoirs are 
mainly used for growing cereals in India (Kolarkar et al, 1983) Sorghum 
is planted in Trus in Sudan and Muritania.                                                                       
2.8 Importance of Rangelands, Utilization, Problems and  
Improvement:   
Rangelands are important land resources in Africa, North and 
South America, Asia, Australia and many parts of Europe. Rangelands 
effectively contribute to economic well being of rural communities, and 
they are valued as a source of plant and natural wild life diversity 
(Maxwell, 1991). The traditional grazing of livestock, mainly cattle and 
sheep is generally acceptable to the public if properly applied, using 
sound principles of range management. It produces food and fiber for 
people uses and enjoyment and contributes to the economy (Tixier, 
1991). Food products from forested range are important economically, 
also removal of posts, poles and fuel woods can stimulate forage growth 
for livestock and wildlife, and opening made by timber harvesting benefit 
grazing and browsing as well. Most range managers agreed that the most 
important use of rangeland is healthy productive watershed. Rangelands, 
including important riparian areas, produce valuable high quality water in 
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large volumes. The key is good range management and coordination of 
use (Tixier, 1991). The rangeland utilization refers to the percentage of 
the annual production of forage that has been removed by animals 
throughout grazing season or by the other word concentrating grazing in a 
certain area gradually reduces the more desirable plants and makes 
available soil nutrients and moisture for less desirable plants ( Stoddart et 
al.; 1975). The desert and semi-desert regions are mostly utilized by 
nomadic camels and sheep of Northern Kordofan , Northern Dar Fur and 
Eastern Province , while the high rain fall savanna and flood regions are 
partially utilized by livestock only during the dry season ( Darag and 
Suliman, 1988). Apart from areas not fully desert, semi-desert, high 
rainfall savanna and flood regions, the low rainfall savanna is to be 
considered the most important grazing lands as well as agricultural lands. 
In Western Sudan and the White Nile 92 % of the livestock population is 
owned by the nomadic and transhumant populations, therefore nomadism 
is the major form of grazing management and utilization, ( Darag and 
Suliman, 1988). 
  The  main problems associated with rangeland management is 
over stocking leading to progressive reduction in biomass production and 
plant cover, and in the arid and semi-arid areas leads to soil degradation ( 
Strang, 1980). Overstocking coupled with severe intermittent and 
prolonged drought further exacerbate the problem of low forage 
availability and therefore, poor animal production (RPA, 1993). In Sudan 
these had resulted in substantial reduction in rangeland area, estimated at 
about 19.6 % of the total area of the country (RPA, 1993). 
According to Jerry (1989), the amount of rangeland in the world is 
expected to decline substantially in the next 30 years, and large areas of 
rangeland in Africa and South America, have already been converted to  
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 Farmland. The main problem of Africa rangelands is the     expansion of 
agriculture into grazing areas (Garcia, 1981).  
  Remote Sensing is a technique that is almost universally applied to 
collect information on agricultural lands and rangeland resources. 
Mapping of rangelands and agricultural lands involves the collection and 
organization of data in defined form. Classification of the data is a 
fundamental of mapping process. According to interpretation of satellite 
images coupled with field work, natural range types in the study are 
classified into eight classes. These are (El-Hag et al, 2003): (1) Wooded 
grassland on undulating sand (2) Wooded grassland on sandy plains (3) 
Wooded grassland on longitudinal dunes (4) Wooded grassland on 
longitudinal dunes with clay patches (5) Wooded grassland on Gardud 
plains (6) Wooded grassland on Jebel pediments (7) Open grassland on 
sandy plain and (8) Rocky slopes vegetation. Once they had been mapped 
and quantified, it is important to understand what cause rangelands to 
change and what is the impact of the different uses. Some records 
(detailed vegetation measurements) must be kept of the current status of 
rangelands (range condition), the influence that cause the change, and the 
direction of change (trend). 
The relatively low yields per hectare and high uncertainty in production 
call for great efforts in order to improve rangelands. This could be 
through fertilization, mechanical and physical work like burning, planting 
and reseeding (Norton, 1991).  Water harvesting techniques have been  
Employed to reduce surface runoff and increase storage of soil moisture. 
These techniques include: pitting, ripping, chiseling, furrowing (contour 
or otherwise), terraces, and water spreaders and land imprinting. Pitting 
involves the creation of small basins to catch and hold precipitation. 
Various mechanical devices may be used in their construction from 
bulldozers to eccentric discs, either in established stands of vegetation or 
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in conjunction with seeding operations, (Abusuwar, 2007). The main 
objectives of rangelands improvement is to rehabilitate degraded 
rangeland to restore its use and to prevent continued soil erosion and loss 
of production, secondly to improve plant productivity and herbage 
quality, to improve animal performance and total output and provide 
conserved forage for supplementary feeding during season of poor fodder 
quality and growth (Maxwell, 1991).       
  2.9 Socio-economic Aspects of Water Harvesting Techniques:  
Water harvesting techniques may be adopted by individual or groups of 
farmers and pastoralists i.e. individual versus collective approach. These 
techniques require labor for establishment and maintenance. Failure of 
techniques may be due to imposition, low reliability, lack of maintenance 
and lack of direct benefit to the target groups (Reij et al, 1986).                       
For socio-economic evaluation the following main aspects should be 
considered:                                                                                                          
• Community collection (traditional and modern). 
• Collection versus individual group and traditional management of 
water resources.  
• Economic activities, social organization, participation, payment 
and incentives. 
• Traditional management to grazing lands, cultivated areas, 
forests, Gum Arabic gardens. 
• Rehabilitation and construction approach, maintenance 
mechanism of hafirs that will fit with rangelands use patterns and 
stocking routes in collaboration with local communities on a cost 
sharing bases through beneficiary contribution. 
• Poverty situations and reasons thereof, social conflicts and civil 
strife and impacts, economic return to the farmers. 
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• Community services (distribution, adequacy and constraints), 
Gender issues in all population groups. 
• Legal and traditional rights to rangelands and reasons for group 
conflict, perception about, drought and resource use, pastoralist’s 
perception of reasons and rationale of seasonal movement. 
• State government policy towards: Farmers and Pastoralists, 
Traditional, Conflict resolution mechanism, Rangelands 
development plans, Protection of environment. Other resources 
such as Gum Arabic, Woodcutting and charcoal production, 
Sedentary and pastoral population perception of water supply 
problems and solution, levels of awareness towards environmental 
impacts of the present use of range, forest and water recourses  
(IFAD, 2004). 
2.10 Rainwater Harvesting Techniques in Sudan: 
Sudan is largest country in Africa area-wise, and has many water 
resources. The total precipitation on the country is about 1000km³, while 
the available water resources from different source is 30 billion m³, with 
population exceeding 32 millions. Therefore, the available water resource 
per capita is less than 1000m³. Moreover, the water resources are 
unfavorably distributed both spatially and temporally. The country 
mainly depends for it is food security on rainfed agriculture which 
represents about 90% of the total agriculture area, while the irrigated one 
is only 10%. The total cultivated area in Sudan (rainfed and irrigated) 
varies between 15-20 million hectares according to annual rainfall 
amounts. The per capita water resource varies from south to north. It can 
reach more than 2000m³ in the southern Sudan and descend to only 
200m³ (or less) in the far north of the country. On the temporal aspect, the 
distribution of river runoff is very uneven within a year or between years. 
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Sixty to seventy percent of runoff is concentrated in the flood period from 
June to September. This kind of distribution pattern causes seasonal water 
shortage. It is predicated that along with rapid growth of social and 
economic development and the increasingly demand on improving 
people’s living standards, water scarcity will be much more critical in the 
21st century. Many witnesses and researches believe that the key solution 
for Sudan situation is the RWH (Ahmed and Eldaw, 2003). The most 
important natural resources in the dry environments are rainfall. Despite 
it is scarcity, rainfall is generally poorly managed, and much of it is lost 
through runoff and evaporation. Capturing the rainwater and making an 
efficient use of it, is crucial for any, integrated research and development 
project. It can play an important role in meeting the objective of such 
projects. Various forms of techniques have been practiced in Sudan. Most 
of the savannah lands are subjected to degradation processes. Indigenous 
water harvesting techniques are practiced in different parts of the country 
e.g. Jebal Mara area, Khor Musran in Elbutana area, Khor Kibreet in 
Hamish-koreib area,    khor gurwaba in South Kordofan and the Red Sea 
Hills. Storage of water in bore stems of the Baobab tree or Tabeldi 
(Adansonia digitata), the diameter of the stem of the tree may exceed 
3meters in many cases, and this is one of ancient techniques adopted in 
Kordofan. Mohammed (2000) reported that in the western Sudan 
inhabitants devised several indigenous techniques for rainwater 
harvesting (collecting) system like Hafirs, Rahads, Fulas, Turadas, 
Terraces, Jessours, sudds (small dams) were constructed by Kordofan 
special fund project ( 62-1964), beside many other techniques to increase 
water availability for agriculture and domestic use. Bench terracing was 
practiced thousand of years ago in hilly areas of Jebel Mara (HTS, 1958). 
The adoption of water harvesting techniques have played an important 
role in water resources development in Sudan, it is considered as a good 
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way for achieving several goals such as:- Strategic goals by contribution 
to achieve food and water security, natural resources improving and 
conservation, in order to encourage the investment in this field. 
Ecological goals include: - reduction of epidemiological diseases, 
protection from unintentional floods and healthy conditions improvement. 
Economical goals of WH techniques occur in increasing crop and 
livestock production and productivity by rational utilization for both land 
and water resources. In addition to social goals by mitigating poverty and 
hunger by increasing income and raising living standard, reducing 
displacement to urban areas and big cities resulting from encouraging of 
water harvesting techniques investment.(Abdallah, 2007).                                              
Spore (1997) noted that water harvesting was developed by ancient 
Nabaateans over 3000 years in what are today called Israel and Jordan 
and it probably coincidence that it is practiced in the Red Sea Hills of 
North-Eastern Sudan and in central Darfur region. Planting on river banks 
after flooding known as Gerouf cultivation is practiced in Northern Sudan 
and water spreading techniques are adopted in Eastern and Western 
Sudan. Earth bounding is used in most regions of the country .In Kassala 
State embankments are constructed to intercept runoff of seasonal rivers 
(Gash) for cultivation of crops and to protect villages from seasonal 
floods, also aimed to spread water for drinking and for agricultural 
purposes. In the last decade spate irrigation projects were established in 
Abu Hamra and Kidnir in Northern and Southern Darfur, but they 
collapsed due to over flooding and sedimentation (ILO, 1999). 
Intermediate Technology Development Group (ITDG, 1998) working in 
the food security water harvesting projects in Northern Darfur State 
explained that the C-shaped microcatchment, ploughs and training helped 
thousand of farmers to cultivate Wadi soils. ITDG (2001) concluded that 
the adoption of the C-shaped microcatchment, ploughs and provision of 
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agricultural inputs increased the cultivated land 400% and crop 
production 100% and decreased the workload of women and children. 
Limited research work has been carried out on rainwater harvesting 
techniques for agricultural, livestock, forestry, soil and environment 
conservation, food security and sustainable development purpose. In 
Kordufan numerous studies on gardud soils had been conducted.                     
Omer and Elamin (1996) reported that ploughing and contour bunding of 
gardud soil improved soil physical properties, soil moisture storage and 
sorghum yield. Other reported that ploughing and meskat increased water 
intake of gardud soil where ridges and furrows trap surface runoff. 
Rainwater harvesting can provide an effective means to alleviate poverty 
of which water shortage is often the primary cause particularly in many 
arid and semi-arid areas, where people have little access to water from 
river or ground water, also water harvesting lean, reliable and cheap 
water source using simple techniques at household level for domestic use 
and irrigation, resulting in raised agricultural and animal production and 
an overall improvement in peoples life.(UCWR,2003).                                                    
2.11 Advantages of Rainwater Harvesting:  
 This system can be developed to utilize the fertile clay soils or the 
gardud soils in agricultural crop production using the community based 
approach in agriculture development. This new agricultural development 
system will put an end to the horizontal expansion of rainfed farming on 
the account of the range vegetation grazing potential in sand soils which 
is considered the major cause of land degradation and desertification in 
both North Kordofan and Darfure. According to (DECARP, 1976) the 
total area converted to desert amounted to almost 650,000 Km².                                      
Rainwater harvesting has many advantages, some of these are the 
followings: 
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• Rainwater harvesting succeeds in providing good quality water 
for both irrigation and domestic use. Rainwater is naturally soft; 
contain almost no dissolved minerals or salts, free of chemicals. On 
the other hand, surface or groundwater may be saline or contain high 
concentration of harmful chemicals such as fluoride or nitrate, or is 
contaminated by bacteria or other harmful substances such as 
industrial chemicals or pesticides. 
• Rainwater harvesting solves to great extent the problem of 
satisfying water requirement with time by smoothing out the 
variations in water availability. By collecting the rainwater and 
storing it more efficiently, in closed reservoirs or dug. Rainwater 
harvesting improves the soil moisture status by concentrating 
rainwater from a large land area into small one. When collected, 
rainwater percolates into the soil, forcing salts down and away from 
the root zone area. This allows for greater root growth and water 
uptake, which increase the drought tolerance of plants (UCWR, 
2003). 
• Rainwater collected and used on site can supplement, replace, 
and become a relatively free source of water for household. As 
traditional sources are located away from the community or 
agricultural land, collecting and storing water close to household, 
village, field, or pastures greatly enhance the accessibility and 
reduce the expensive costs of piping and pumping to far distance 
(Ahmed, Naggar, 2003).             
• Rainwater harvesting has low input for its exploitation, and 
simple construction and management techniques. Moreover, such 
developments help to reduce dependence on large water resource 
project and groundwater exploitation with their numerous ecological 
and environmental problems of whole regions, owing to their 
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decentralized nature and small scale rainwater harvesting 
technologies are environmentally friendly (UCWR,2003). 
• Harvesting rainwater can reduce the use of drinking water for 
landscape irrigation. Coupled with the use of native and desert-
adapted planted plants, rainwater harvesting is an effective water 
conservation tool because it provides” free” water that is not  from 
the municipal supply. Rainwater harvesting not only reduce 
dependence on groundwater but also reduces the amount of money 
spent on water. It reduces off site flooding and erosion by holding 
rainwater on the site. If large amount of water are held in highly 
porous areas (areas where water penetrates easily).some of the water 
may percolate to the water table. Limitations of water harvesting are 
few and are easily met by good planning and design. There are many 
water harvesting opportunity on development sites, even very small 
yards can benefit from water harvesting techniques (UCWR, 2003). 
• Water harvesting can easily be planned into a new landscape 
during the design phase. It is appropriate for large-scale land scope 
such as parks, school, commercial sites, parking lots, and apartment 
complexes, as well as small- scale residential landscapes system 
design ranges from simple to complex. Research and development 
rainwater harvesting practices could create many new ideas and 
methodologies for water resources planning, evaluation and 
utilization and could even result in the evolution of a new and 
independent branch of water science. It is expected that water 
harvesting technique will play an increasingly important role in 
enhancing food production in areas of rainfed agriculture in the 
future, especially in the dry areas (UCRW, 2003). 
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 2.12 Water harvesting and Food security: 
• In many countries, water scarcity represents a critical constraint 
to food production and a major cause of poverty and hunger. 
Improved water management is one of the keys to producing enough 
food to alleviate the suffering of today and feed an additional 3000 
million people by the year 2030 (FAO, 1996). Water harvesting 
techniques can increase food production by collecting runoff and 
using it to irrigation crops, pastures and trees and can significantly 
improve both yields and the reliability of agricultural production, 
(FAO, 2002). 
• The productivity of water used in agriculture increased by at least 
100% between 1961 and 2001, thanks mainly to increases in crop 
yield. The many uses of water in the rural areas of developing 
countries include production of timber, firewood and fiber, 
aquaculture and animal husbandry, domestic consumption and 
environmental servicing (FAO, 2003). The implementation of water 
harvesting techniques on a large scale will not only contribute to 
increased agricultural production but will also protect the soil and 
reduce flooding and flood damage downstream. Water harvesting 
will increase the recharge of shallow groundwater and will make 
additional water resources available for irrigation. It will also protect 
or rehabilitate the environment and combat desertification. A 
comprehensive programme is needed to guarantee the success of the 
introduction and expansion of water harvesting techniques in arid 
and semi-arid areas and will require coordinated action in several 
fields and at several levels. 
• Source of food security points to the essential role water plays in 
FAO, efforts to help build a world without hunger. Improved 
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farming techniques and greater water use efficiency are keys to food 
security for a growing world population; people are food secured 
when they have regular access to enough high-quality food to lead 
active, healthy lives. Water harvesting techniques are of great 
importance, and therefore it should be improved to solve the 
problem of water shortage in the rural areas of developing countries 
(FAO, 2004). The results of water harvesting efforts revealed that 
food production could be increased and so water productivity 
through WH and agronomic practices. The total need for food is 
about 55000 tones, while the actual food production was about 
18000 tones, produced from an area of 100000 feddans, mainly the 
fragile and poor sandy soils. Water harvesting with only one fifth of 
that area could achieve food security and at the same time release the 
sandy soils and contribute to soil conservation. The trials were 
conducted in three villages of North Kordofan State, at Banno, 
Eldago, and Jebel Kordofan, each represents a replicate, with full 
farmers participation, through Ministry of Agriculture (agricultural 
services unit for food security) and Agricultural Research 
Corporation, ElObeid. Appendices (3, 4, and 5), representing the 
traditional method of cultivation with the improved technical 
package which includes: Reduced tillage, rainwater harvesting, and 
crop husbandry and food security. Finally, the promotion of the 
integrated water- soil- crop management concept will significantly 
enhance the technical and economical performances of small-scale 
water harvesting schemes at farm level. Yield can be greatly 
enhanced when different techniques of water harvesting are 
combined together with improved soil management (ex: stone bunds 
+ planting pits + manure, stone bunds + mulching, etc.) and\or crop 
management (ex: stone bunds+ mulching and sowing date, etc.).   
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CHAPTER THREE 
                    MATERIALS AND METHODS 
3.1 Experimental site: 
The study was conducted in Northern Kordofan State, which lies within 
the western part of the Sudan and at the southern edge of the Sahara 
desert. It falls within the arid or marginal zone between longitudes 2705/ 
and 32015/ E, and latitudes 11015/ and 16045/ N. It covers a total area of 
about 190.480 km2. The state has a total population of about 2,353,460 
according to (FAO census 2006), of which 63% are rural, 24% nomads 
and 13% are urban. The livestock population, mainly cattle, sheep, goats 
and camels is about 6894425 head (Animal Wealth Administration, 
2003). 
3.2 Climate: 
The northern parts of North Kordufan State lie in the desert and semi-
desert and May and June are the hottest months and December to 
February are the coldest months. Average wind speed is about 13km ⁄ 
hour, changing its direction according to season, north-east in winter and 
south-west in summer (IIED and IES, 1989). It should be noted that the 
highest wind speeds occur during the rainy season when vegetation 
cover is at its maximum and soil tends to be more stabilized by moisture 
(Proud, 1988). In general two air movements affect the climate of the 
area. Avery-dry movements from the north reaching its southern limit in 
mid-winter and a major air flow of maritime origin that carries moisture, 
enters from the south and brings rains. 
3.3 Soil and Topography: 
The soils include xerosols in the hyper-arid zone in the north, Arenosols 
Known locally as (Goz) and (Gardud) in the Semi-arid zone in the center 
and the west, and vertisols in the south of this region (Ayoub, 1998). 
The Arenosols (Goz), cover an area of about 60% of the cultivable area, 
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while the clay covers only 40%. Most of these soils are of Aeolian origin 
and are believed to be derived from northern desert. Geo-
morphologically, these soils are found in the form of slightly undulating 
sand sheets, transverse dunes or longitudinal sand ridges. They are low 
in nutrient contents, especially phosphorus and nitrogen, have neutral 
pH, low clay and organic matter content and susceptible to erosion. Due 
to variations in soils and rainfall, the state has diverse vegetation. The 
land surface of North Kordofan is largely a plain of low relief, broken 
occasionally by isolated hills or by small cluster (Jebels). The marked 
one is Jebel Kordofan. The altitude of most of the state ranges between 
350m to 595m above sea level. Most of the region lies within the 
drainage basin of the White Nile, but the northern part drains to the Nile 
River. 
3.4 Soil and Water Resources Management: 
Rehabilitation of (gardud) soils using chisel plowing and water 
harvesting techniques to improve the physical and chemical 
characteristics (Omer, 1994), use of animal drawn implements studies 
on hydrological properties of sandy soils (Omer et al, 1994), studies on 
supplemental irrigation in (khor abu habil) to improve production of 
sorghum production in degraded (gradud) soils of north Kordofan using 
water harvesting (Alfadni, 2000), influence of indigenous Acacia tree 
species on the physical and chemical properties of sandy soil (Eltahir et 
al, 2003), response of Acacia senegal to post-rainy season irrigation and 
grass mulch on sandy soils of north Kordofan (Omer et  al, 1996), 
evaluation of grass cover in micro-catchments (Balla, 2000). In the 
project area the population obtains its water from four sources: Fig: (3) 
1- Traditional exploitations of surface and ground water 
2- Hafirs and reservoirs or dams 
3- Water yards (deep boreholes and storage tanks) 
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4- Shallow boreholes equipped with hand pumps 
Hafirs are shallow, excavated impoundments which use inlet structures 
and stil traps to collect runoff. Hafir water is usually turbid, of poor 
quality, and while adequate for livestock, is only satisfactory for human 
consumption if filtered. Water yards draw from boreholes up to 300 m, 
pump to elevated storage tanks of between 30 and 40m capacity, gravity 
feed to troughs for livestock use and taps for human consumption 
(IFAD, 2004). The quality of most of surface pools and depressions will 
be unsuitable for human consumption. Water distribution is one of the 
main principles in range management. In general the amounts of 
productive water for domestic purposes from the whole contributed 
sources in the State according to North Kordofan State Water 
Corporation (NKSWC, 2007), as shown in Table (3.1). 
Table: (3.1) Present Water Sources in North Kordofan State: 
 
No Water Source Actual number Average 
production 
m³ per day 
1 Groundwater wells 425 425.000 
2 Haffirs 236 16.300 
3 Shallow wells 4625 13.875 
4 Water pumps 2462 2.460 
5 Dams & earthen break 8 66.000 
 
Source: - North Kordofan State Water Corporation (NKSWC, 2007) 
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Fig: (3) Surface Water Sources. 
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3.5 Ecological Zones and Vegetation Covers: 
The cumulative effects of climatic factors (droughts) and 
desertification have played an influential role in changing the floristic 
composition of the vegetation in the state. All the vegetation zones 
except the high rainfall savanna are affected by desertification Fig (4). 
The most severely affected zone is the semi-desert followed by arid and 
low rainfall savanna on clay. It was estimated that the region lost 50% of 
its gum Arabic belt (IIED and IES, 1989), where Acacia senegal is the 
famous tree species for production of high quality gum. The tree species 
are favored as good source of fuel, fodder and soil improvement (Seifel 
Din, 1981; El Huri, 1986; Seif el Din and Zarrog, 1996). Overstocking 
due to large number of livestock and uneven distribution of rangelands 
around settlements and water points (Darrag, 1984; Ibrahim, 
1984).Moreover, heavy use of rangelands, occurrence of uncontrolled 
burning and encroachment of dry land cultivations, into rangelands 
triggered a change in botanical composition and dominance of annual 
grasses and forbs (Elwakeel and Abu Sabah, 1993). Consequently, low 
grass covers with poor and unpalatable species become dominant in 
rangelands around watering points, for example annual species of poor 
feed value Kawal (Cassia tura), Ngata (Abutilon frigarinairium ) and 
Deressa (Tribulus terrestris) are becoming dominant over perennial 
species of high feed value (e.g Bifloris guayana and Dactyloctinum 
aegyptiacum). Also seasonal fires during dry seasons were considered 
the most influential factor causing removal of vegetation cover zones; 
fires remove annually more than 35% of the range natural vegetation 
cover (RPA, 1976). According to Wieken, Kordofan special fund project 
(62-1964) that seasonal fires destroy most of the perennial vegetation 
species. Annuals are less affected by seasonal fires because of the fact 
that annual forage plants mature and shed their seeds before the start of 
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seasonal fires ( Wiekens 62-1964-Kordofan special fund project), the 
central parts in the low rainfall savanna and the southern parts in the 
high rainfall savanna (Harrison and Jackson, 1958). Arid and semi-arid 
zones cover the largest parts of the state. Annual rainfall ranges from 
less than 50mm on the northern border to more than 800mm on the  
Southern border. The rainy season varies from about one month or less 
in the north to about five months in the south. Rain occurs between May 
and October (Sudan Meteorological Department Reports, 1960-1990). 
Temperatures are, generally, high averaging 37˚C in summer and 10˚C 
in winter. April, May and June are the hottest months, and December to 
February are the coldest months. Average wind speed is about 13 
km/hour, changing its direction according to season; north-east in winter 
and south west in summer (IIFD and IES, 1989). It should be noted that 
the highest wind speeds occur during the rainy season when vegetation 
cover is at its maximum and soil tends to be more stabilized by moisture 
( Proud, 1988). In general two air movements affect the climate of the 
area. Avery dry movement from the north reaching its southern limit in 
mid-winter and a major air flow of maritime origin that carries moisture 
enters from the south and brings rain.  
3.6 Stratigraphy and Geological history: 
The rock formation that underlies North Kordofan State include: the 
basement complex rocks, of Precambrian age, Nawa series, of late 
Paleozoic age, Nubian series of Mesozoic age, Volcanics rock, of mid 
tertiary age (laterite). Umrawaba series of Pliocene to Pleistocene age 
and surfial deposits of quaternary age. Hunting, (1963), Warren, (1966), 
Rodis, (1975), Burymah (1971), showed that the sratigraphy and the 
geological history of the Kordofan state. Fig (5). Strong northerly winds, 
prevailed in the northern parts greater Kordufan state and denued the 
land surface of much of its residual soil cover. 
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Figure ( 4). Ecological Zones and Vegetation Covers of the study 
area. 
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The residual soils in the north fixed sand dunes, (Goz) in the central part 
of the state, and clay-plains deposits in south part of the state stand today 
as evidence of the climatic conditions since late Pleistocene times. Most 
of South and North Kordofan States is underlain directly by amantle of 
unconsolidated surficial deposits. In the North of Khor Abu Habil 
catchments, the mantle consists of course residual desert soils and active 
sand dunes (IFAD Final Reports, 2004). 
3.7 Population:- 
According to FAO, 2005 census (FAO, 2005), the total population in 
North Kordofan State (study area) was 3.353.460, distributed in nine 
localities and their villages, of which 63% rural, 24% nomads and 13% 
urban, Water availability, social service and land  for agriculture are the 
main determinant factors for population settlements. Major tribes are 
Bederia, Shiweihat, Kababish, Kawahla, Hamar, Dar Hamid, Jawama, 
Maganeen. The successive drought periods of 1974, 1984 and 1990 
affected population distribution in the study area where great proportion 
of the population migrated from the state and settled around Um 
Durman. Due to marginality of this area and the persistent low crop 
production as a result of low and erratic rainfall, seasonal migration has 
been practiced by able male villagers during the dry season seeking job 
opportunities to supplement family income. However, they come back 
prior to the rainy season to practice agriculture. The construction of 
Elobeid- Kosti high way has also affected population distribution in the 
area, some villagers who have in the past businesses that support 
passengers who travel through Elobeid- Kosti high way continuing their 
former business (Hag El Tahir, 1996). 
3.8 Agriculture: 
A number of crop varieties have been developed having various 
characteristic, namely, early maturity, drought tolerance, pest resistance  
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Figure. (5): Geological formations of the study area. 
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and stable yield, new cultivars of millet, sesame, sorghum, groundnut, 
cowpea, Okra and vegetable. The major food crops that are produced in 
the study area are millet and sorghum. The major cash crops are sesame, 
karkade, watermelon, groundnut, Gum Arabic and vegetable were 
released (Ahmadi and Osman, 1986;Abu Elgasim, 2003). 
3-9 Animals and Rangeland:- 
  Some studies were undertaken on the productivity of natural range 
,improvement of rangeland through introduction of high quality range 
species , introduction of improved fodder crops (ElWakeel 1994 , 
Mukhtar 1994 ) ; better utilization of range and agricultural bio-products 
as animal feeds , and addition of phosphorus in animal feeds to 
supplement deficiency and improve milk production and fertility (Kurdi 
1990 ;El Hag 1992 ) . 
3-10 Forestry:- 
Forestry researches focus on improving forests, agricultural production, 
rehabilitation of degraded land and desertification control. Research 
conducted covered various aspects of agro forestry, plantation forestry 
such as species and provenance trails, tree establishment, tending 
operations and tree management for different purposes. However since 
the sandy soils in Kordofan are mainly dominated by Acacia Senegal , 
which is much favored by communities , most of the research was 
directed towards improving this species for desertification control , 
sustained gum yield and agro forestry (IIED and IES 1989 ) . Some 
research carried out in sand dune stabilization , a number of over-story 
and under-story species including for example :- Leptadaenia 
pyrotechnica , Acacia tortilis , Acacia Senegal , Balanites aegyptiaca 
,Ziziphus spina-christi , Panicum turgidum and Cenchrus spp , were 
tested as shelterbelts north of latitude 13˚ 30’ N . (Omer et al, 1992). 
Evaluation of different multi-purpose trees and shrubs species of an agro 
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forestry potential on sandy soils in North Kordofan State, intercropping 
Acacia senegal with field crops on sandy soils (Fadul, 1999). In order to 
reduce the consumption of fuel wood research should focus on 
promoting the development of alternative energy ; the development of 
reforestation technologies ,including that for windbreak forests and 
shifting sand control forests and conduct surveys and technology 
research for the restoration of existing forests(Mustafa and Mahdi,2004 ) 
. 3-11 Methods and Materials Used:-     
 They include data collection and data analysis , such as loop method 
,quadrates for vegetation measurements, soil moisture content 
measurements , , species frequency ,plant density ,ground cover percent 
,vegetation composition ,questionnaire ,primary data and photographing 
processes .   
3-11-1 Measurements  
This section includes two parts which are soil moisture content and 
vegetation measurements. 
3-11-1-1 Soil Moisture Content Measurements:-  
 Soil moisture content was measured in five selected sites at two 
different levels of depth ( 30 cm and 60 cm ) , from 25 points which 
represented five sites ( Dams / Hafirs ) , which include upstream , 
downstream , right side  and left side of dams or hafirs ,body or bed and 
one sample in each site as control for comparison ( untreated area)which 
has been taken from untreated area, far away from the harvested area 
,for the comparison purpose ,by using Thermo-hygrometer ( spectrum 
technologies , 2% –98% RH ), Plate (2 ). 
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Plate 2: Soil Moisture Content Measurement (Thermo- hygrometer). 
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3-11-1-2 Vegetation Measurements:- 
In February 2007 the field work was carried out after the  rainy season 
for about 35 days were spent , measurements were taken in North 
Kordofan State ,covered 9 localities ( Shiekan , Bara + Umrawaba , 
Sudari ,Gabra ,( Ennuhud +Abuzabad) and (Gubiesh+Wadbanda)Fig (6), 
Samples were randomly taken around water points (dams / hafirs), 
linetransects loop and quadrate methods were used. 
A tape of 100 meters length (line transects ) was located randomly in 
each of the five sites , fifty times loop measurements in four directions 
of dam or hafir namely upstream , downstream , right side and left side 
to make a total of 20 transects which represented four directions of the 
study area and the fifth ones in the center ( Elobeid dam ) . Vegetation 
parameters include :- vegetation composition , species frequency , plant 
density ,and ground cover percent , along the transect in each site  
(Errahad turda , Alain dam , Elgenynia fula , Elobeid dam and Elayara 
hafir ) Fig (3.4) the above parameters were recorded .  
(A) – Vegetation Composition:- 
 Equipments used: 100 meter tape, Loop (3/4 inch), Plate (3-b) and 
recording sheets. Along the transect the loop was placed at one meter 
interval and the readings were taken for the following: 
A: Total No of plant species counted. 
L: Litter, R: Rock, BS: Bare Soil using the information from the transect 
plant composition was calculated using the formula: 
 100%X  _________A_  =composition species plant  Total                               
                         A+L+R+BS                                       
%100 X   Number of individual species   =Relative Frequency   
A 
 
(No. of species measured) ÷ (Total No. of all species measured) X 100 
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This gives the Relative Frequency for all species measured 
As described by Abusuwar, (2007). 
(b) Species Frequency:  
                 In this method quadrate of 1X1m. was placed systematically 
each 50 meters to obtain 2 quadrates  per transect and to end up with 8 
quadrates  per site which included four directions (upstream, downstream, 
right side and left side )for dam or hafir , and one quadrate was taken for 
untreated area as control. The name of the species was recorded not the 
number (state of presence or absence).Frequency was calculated by 
dividing the number of quadrates in which the species was present by the  
total number of quadrates taken in each site multiplied by 100, as follows 
:-  Frequency Percentages =  
%100 X h  species A is present  Number of quadrates in whic    
Total number of quadrates 
This gives you the Relative Frequency of each species measured. 
 
(c)- Plant Density:- 
The plant density is defined as the number of individual species per unit 
area. To obtain the plant density index, a quadrate of m X m was placed 
one time along each transect, (only one quadrate per transect) at distance 
100 meters from the watering point body (dam /hafir). Each species 
counted separately within the quadrate and recorded. This was repeated 
4 times accordingly to stated positions (upstream, downstream, right 
side and left side) in each site, in addition to another one for the control 
(untreated area, or area without water harvesting technique structures). 
The density index of each species was determined by summing up their 
numbers in all quadrates divided by the total number of quadrates taken 
in each site as follows: - Average Density Index of Species:  
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(A / m2) =   Number of species A counted in all quadrates 
Total number of quadrates 
 (d)- Ground Cover Percent:- 
Ground cover percent was visually estimated for the quadrate and 
recorded. Average of the 4 quadrates from each site ( five selected dams 
/hafirs) representative to all directions  (North ,South ,East and West ) , 
and the fifth one in the middle  (Elobeid dam ) , was calculated . It is 
usually estimated by looking at the quadrate from above and estimate 
approximately the covered part of quadrate by the vegetation. Plate (3-a). 
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(a)Quadrate 
 
 
(b)Loop
 
 
Plate 3: Vegetation Measurement Equipments (quadrate and loop).  
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Fig ( 6).Sampling Locations in the study area. 
Legend of Sampling Selected Sites:- 
1. Errahad turda         2.Elain dam              3.Elgenainya fula 
4. El Obeid dam (centre).                              5. Elayara haffir 
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3-11-2 Method of Data Collection   
 Two types of data were used in this research, namely; primary and 
secondary data, the source of the secondary data, includes files, articles 
and documents. (Official: records and reports). While the primary data, 
was collected through personal interviews with individuals, using 
structure questionnaire, group discussions and observation. The data was 
collected through visiting nine localities. Plate (4: a, b, c, d). 
3-11-2-1 Reconnaissance (Community Consultation)  
 This was done to determine the study area and to collect some basic data 
that will help in preparing the questionnaire, through identification of 
stakeholders and key informants. The purpose of identification of 
stakeholders is: to develop partnerships with local inhabitants (target 
groups). 
3-11-2-2 Construction of the questionnaire     
 The construction of the questionnaire (see appendix 6) was made 
according to the guidance of FAO (1985). The suggestions of the 
supervisors as well as ideas of other experts in the field of study helped to 
design the final format of the questionnaire .The following guidelines of 
Burchinal (1986) were also given special consideration in the 
construction of the questionnaire  
1- To be certain that each question was relevant to the topic 
2- To express each question as simply as possible. 
3- To ask the questions that the respondents are willing to answer. 
4- State questions in specific concrete terms. 
5- To obtain criticism of all prepared items by a colleague. 
6- To state the items in the language respondents’ use in every day 
conservation (designed in Arabic to make use of the language in the 
interviews, later it was translated into English).  
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Plate 4: Personal Interviews and Group Discussion.  
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Two types of questions were used in the questionnaire. Closed- end 
question, with mostly multiple choices Or Yes and No style of answers 
Or Tables and Dichotomous questions in step- wise style, each answer 
leading to specific set of follow-up questions with no Open- ended 
questions except where it is inevitable. This type of questions was used in 
the questionnaire in order to:- 
1- Make the least demand upon respondents. 
2- Permit quick, efficient collection of data. 
3- Permit easy, quick and accurate analysis of answers. 
 The combination of questions and associated response categories 
sometimes help respondents to understand the questions more clearly. 
They are more useful in obtaining answers to sensitive questions. 
The open-ended questions were avoided except where it is inevitable 
because of their negative drawbacks, which are represented in:- 
1- The difficulty of constructing question at the proper level of 
generality   
2- Responses are difficult to analyze and summarize. 
3- They may impose considerable burdens on respondents and 
interviews. 
4- They are more likely to produce irrelevant and worthless data  
 In most cases the people were contacted through the village head 
(Shiekh, Nazer or Umda) to gain their confidence and cooperation. The 
interview was done randomly by researcher. 
3-11-2-3 Organization of Data  
The conceptualization step was followed by the organization of the 
questions. The following guidelines were considered:- 
1- To begin with simple, easy to answer questions. 
2- To place sensitive or more complex questions late in questionnaire. 
3- Where it makes sense, to place the items in logical order. 
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4- To try to create an interesting mix of items within the questionnaire. 
5- An introduction was set to the questionnaire at the top of the first 
page of the questionnaire, the introduction was written in short, 
simple sentences in the local language used by the respondents and in 
words they understand. 
The introduction composed of the following elements  
1- Identification of the person conducting the research  
2- Explanation of the purpose of the study and why it is important  
3- Explanation of how the respondents were selected  
4- Assurance that answers would be protected and not made known to 
anyone else to assure confidentiality  
3-11-2-4 Pre-testing  
The formulation of questionnaire was followed by a pre-test step to 
discover and correct any flows in it. The purpose of this step is to make 
sure that questionnaire would deliver reliable and valid data for 
answering the problem under investigation. Finally, the supervisor 
checked the questionnaire, and accordingly, some questions were added. 
After the pre-testing, the contents of the questionnaire were materialized 
into simple forms with minimum items to obtain necessary information. 
The questionnaires were finally revised and printed.  
3-11-2-5 Permission for Data Collection  
After reaching any selected site, the first step involved obtaining 
permission from the director of institution or from local authorities 
before conducting the survey. This permission is certainly recommended 
for surveys in rural areas where the residents may be more suspicious of 
outsiders. The permission was taken from the local authorities. The 
leaders were also asked to convince the local respondents to cooperate in 
conducting the research,  
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3-11-2-6 Other Sources of Primary and Secondary Data 
 An informal interview was conducted using group discussion with the 
village’s leaders, extension workers beside the direct observation of the 
author. This type of data was collected for the sake of enriching the 
collected information and to reveal any ambiguities of the collected data 
through structural interview with the villagers. Also some data was 
obtained from local departmental records including reports for past basic 
information on area, crop yield, human and livestock population, 
cultivated land ----- etc; as secondary data.  
3.11-2-7 Photographing   
The use of private digital camera gave a close contact and physical data 
about the present state of the site of the research. Some photographs have 
been placed in relevant chapters (Two, Three and four). During the 
photographing there were some observations recorded.  
3-11-3 Statistical Analysis  
The statistical analysis was commenced through exploratory 
manipulations of the data obtained in the study area. This process was 
accomplished by critically examining the data through the use of simple 
techniques of analysis (manually) and use of advanced techniques of 
analysis (computerized analysis) by using (SPSS) system. Also the 
means of total measurements for the vegetation cover and the soil 
moisture content were used to compare between the selected sites. The 
main tools are the construction of simple tables and selected cross-
tabulation which allows tentative answers to many of the questions being 
asked in the survey of data collection. 
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CHAPTER FOUR -RESULTS 
4. Feature of Local Community and Environment: 
4.1 Questionnaires Extracted Information: 
4.1.1 Distribution of Respondents According to Localities and Source 
of Income 
As Table ( 4.1 ) shows the majority of the respondents were from Sheikan 
locality represent ( 51.8 % ) , followed by ( Bara + Uruwaba ) (10.8 % ) , 
while the other localities ; Sudry , Gabra , ( Ghubeish + Wadbanda ) and 
(Ennuhoud + Abu zabad ) showed nearly same   respondents percentages 
of ; ( 9.6 % ) , ( 9.6 % ) , ( 9.6 % ) and ( 8.4 % ) respectively. The first 
source of income for respondents is job ( 66.3 % ) , followed by rainfed 
cultivation ( 22.9 % ) , while ( 6 % ) of them depend on posturalism ,  
(2.4 % ) on free work  , but very few of them depend on commerce. 
4.1.2 Distribution of Respondents According to Marital status and 
Age: 
 The result in Table (4-2) shows that the majority of the respondents 
were married (73.5 %), followed by single (26.5 %). Also the table itself 
shows that the majority of the respondents, age ranges between ( 40 to 50 
years ) and ( 30 to 40 years ) which represent ( 33.7 % ) and ( 32.5 % ), 
respectively, followed by these age range ( 50 to 60 yrs ) which represent 
( 18.1% ) and ( 20 to 30 yrs ) 10.8 % . About 2.4 % of respondents were 
under 20 years and the same percentage (2.4 %) of them aged 60 years 
and above. 
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Table (4-1) Distribution of Respondents According to Localities and 
Source of Income:          
Localities Occupation or Source of Income Total 
Sheikan 48.2 % 0% 1.2 % 2.4% 0% 0% 51.8 
Bara& 
Umruwaba 
3.6% 0% 6 % 0 % 0% 1.2% 10.8 
Sudry 1.2% 0% 6% 2.4% 0% 0% 9.6 
Ennuhoud&Ab
uzabad 
4.8% 1.2% 2.4% 0 % 0% 0% 8.4 
Gabra 1.2% 1.2% 6% 0 % 1.2% 0% 9.6 
Ghubeish&Wa
dbanda 
7.2% 0% 1.2% 1.2% 0% 0% 9.6 
Total 66.3% 2.4% 22.9% 6% 1.2% 1.2% 83 
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Table (4-2) Distribution of Respondents According to Marital status 
and Age: 
Age range Total 
Marital 
status 
0 --20 20 -30 30-40 40-50 50-60 60-70  
Single 2.4% 7.2% 12.% 3.6% 1.2% 0% 26.5% 
Married 0% 3.6% 20.5% 30.1% 16.9% 2.4% 73.5% 
%of 
Total 
2.4% 10.8% 32.5% 33.7% 18.1% 2.4% 100% 
 
4.1.3 The Distribution of respondents According to Educational level 
and Age: 
Table (4.3) shows that the responses of the target groups with respect to 
the above mentioned characteristics , the majority of the interviewed 
samples their educational level was university and postgraduate ( 62.7% ) 
,followed by ( secondary & diploma ) and ( intermediate + primary ) ,  
(14.5 %) and (13.3% ) respectively , then Khalwa ( 8.4 % ) , while the 
minority of them were illiterate ( 1.2 % ). The respondents age ranges 
between ( 40 to50 years ) and ( 30 to 40 yrs ) as the majority which 
represent ( 33.7 % ) and ( 32.5 % ) respectively , then ( 50 to 60 yrs ) 
18.1% , and ( 20 to 30 yrs ) represent 10.8 % , whereas 2.4 % of them 
were under 20 years , and the same percent ( 2.4 % ) their age ranged 
from 60  and below 70 years . 
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Table (4.3) Distribution According to the Educational level and Age: 
Educational level Age ( years ) % of 
Total 
University 
&postgraduate 
1.2% 7.2% 24.1% 22.9% 7.2% 0% 62.7% 
Secondary +diploma 0% 1.2% 2.4% 3.6% 6% 1.2% 14.5% 
Intermediate + 
primary 
1.2% 2.4% 2.4% 3.6% 2.4% 1.2% 13.3% 
Khalwa 0% 0% 3.6% 3.6% 1.2% 0% 8.4% 
Illiterates 0% 0% 0% 0% 1.2% 0% 1.2% 
Total 2.4% 10.8% 32.5% 33.7% 18.1% 2.4% 100% 
 
4.1.4 Distribution of the Respondents According to Educational level 
and Marital Status: 
 Table (4.4) shows that the educational level of the respondents vary 
from  illiterate ( 1.2% ) to university and postgraduate ( 62.7 % ) , 
between them we found khalwa level ( 8.4%) , primary and intermediate  
(13.3%) and secondary + diploma ( 14.5% ) , whereas ( 73.5% ) of them 
were married compared to single ( 26.5% ). 
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Table (4.4) Distribution of the Respondents According to the 
Educational level and marital status 
Marital status Educational level 
Single Married 
% of Total 
University &postgraduate 21.7% 41% 62.7% 
Secondary +diploma 0% 14.5% 14.5% 
Intermediate + primary 4.8% 8.4% 13.3% 
Khalwa 0% 8.4% 8.4% 
Illiterates 0% 1.2% 1.2% 
Total 26.5% 73.5% 100% 
 
4.1.5 Distribution of respondents According to Educational level and 
Gender: 
Table ( 4.5) shows that the educational level of the majority of the 
respondents was university and postgraduate ( 62.7 % ) , followed by 
secondary and medium diploma ( 14.5 % ) and primary + intermediate  
(13.3 % ) respectively ,whereas khalwa (8.4%) and illiterates (1.2 %) . On 
The other hand, the result shows that the majority of the respondents were 
male (83.1 %), whereas only (16.9 %) of them were female. 
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Table (4.5) Distribution of respondents According to Educational 
level and Gender: 
Gender Educational level 
Male Female 
% of Total 
University &postgraduate 45.8 % 16.9 % 62.7 % 
Secondary + diploma 14.5 % 0 % 14.5 % 
Intermediate +primary 13.3 % 0 % 13.3 % 
Khalwa 8.4 % 0 % 8.4 % 
Illiterate 1.2 % 0 % 1.2 % 
Total 83.1 % 16.9 % 100 % 
4.1.6 The distribution of respondents according to the occupation of 
work and source of income:-  
Table (4.6) shows that the majority of the respondents (32.5%) who work 
in the ministry of agriculture, followed by (pastoralists + farmers + free 
work), (24.1%), while the rest of them include university of Kordofan, 
livestock  and range management, agricultural research station and water 
corporation (16.9%), (13.3%), (7.2%) and (6.0%) respectively.  
The main source of income for the respondents was job (66.3%) followed 
by agriculture (22.9%) and (6.0%) of them depend on pastorals, whereas 
the rest of the respondents (2.4%) depend on free work and (1.2%) 
depend on commerce (trade), but only (1.2%) of them are scold. 
 
 72
Table (4.6) Distribution of Respondents According to the Site of work 
and Occupation or Source of Income:-  
Occupation (source of income) Sites of work 
(Title) 
Job Free 
work
Agric Pasture Trade Unemployed 
Total 
Ministry of 
agriculture 
31.3% - 1.2% - - - 32.5% 
Water 
corporation  
6.0% - - - - - 6.0% 
Livestock 
and range 
management 
7.2% 1.2% 1.2% 3.6% - - 13.3% 
Agricultural 
research 
station 
6.0% - - 1.2% - - 7.2% 
University 
of kordofan  
15.7% - - 1.2% - - 16.9% 
 
Pastoralists 
+ farmers + 
free work 
- 1.2 
% 
20.5 
% 
- 1.2% 1.2% 24.1% 
Total  66.3% 2.4 
% 
22.9 
% 
6.0% 1.2% 1.2% 100.0%
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4.1.7 The Initial idea, type and system of water harvesting in the 
study area:-  
Table (4.7) shows that the majority of the respondents (48.2%) mentioned 
both (government and local citizen), followed by government alone 
(37.3%), then local citizen alone and the others (NGOs) respondents 
(7.2%) and (7.2%) respectively, as the source of introducing the idea of 
water harvesting and spreading techniques in the study area. The types 
and system of water harvesting in the study area include terraces and 
hafirs which mentioned by (22.9%) of the respondents, small dams 
(24.1%), big dams (16.9%), terraces and small dams (13.3%), all types 
mentioned by (10.8%) and others by (12.0%) of the respondents.  
Table (4.7) The Initial idea, types and system of water harvesting in 
the study area:-  
Types and system of WH techniques The idea 
was brought 
by 
Terraces
& hafirs 
Small 
dams 
Big 
dams 
Others All 
types 
Terraces& 
smalldams
Total 
Governme
nt 
9.6% 8.4% 8.4% 6.0% 1.2% 3.6% 37.3%
Local 
citizen 
3.6% 2.4% - - - 1.2% 7.2% 
Both 
(gover+ 
local) 
9.6% 10.8% 7.2% 3.6% 8.4% 8.4% 48.2%
 
Others 
(NGOs) 
- 2.4% 1.2% 2.4% 1.2% - 7.2% 
Total  22.9% 24.1% 16.9
% 
12.0% 10.8
% 
13.3% 100.0
% 
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4.1.8 The Introduction of the idea and the cost of dams and hafirs 
construction cost payment: 
Table (4.8) shows that the idea of dams and hafirs construction as water 
harvesting techniques in the study area was brought by both (government 
and local citizen) which stated by (47.6%) of the respondents, 
government only (37.8%), local citizen only (7.3%) and others (NGOs) 
(7.3%), respectively.  
The cost of construction the dams and hafirs paid by both or partnership 
(government and popular effort) which mentioned by (40.2%) of the 
respondents, followed by government alone (39.0%) and others (NGOs) 
(13.4%), while the local people as popular efforts (7.3%) of the total cost.  
Table (4.8) The Introduction of the idea and the cost of construction 
dams and hafirs payment  
Dams and hafirs cost paid by  Source of initiative idea 
Govern. Popular 
efforts 
Both Others  
Total  
Government 20.7% 1.2% 12.2% 3.7% 37.8% 
Local citizen 2.4% 1.2% 3.7% - 7.3% 
Both (government& 
local citizen) 
15.9% 2.4% 20.7% 8.5% 47.6% 
 
Others (NGOs) - 2.4% 3.7% 1.2% 7.3% 
Total  39.0% 7.3% 40.2% 13.4% 100.0%
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4.1.9 The utilization of water harvesting techniques in crop irrigation 
in the study area:- 
 The survey data showed that (95.2%) of the respondents mentioned the 
utilization of water harvesting techniques in crop irrigation in the study 
area, while the rest of them (4.8%) mentioned the opposite. The results 
show that the main crops which irrigated by water harvesting are field 
crops (37.3%), followed by horticultural crops (18.1%). On the other 
hand, 13.3 % of the respondents mentioned all types of crop (cereal, 
forage, horticultural crops, agro forestry and others), also forage crops 
only mentioned by (9.6%) of the respondents and agro-forestry irrigation 
was mentioned by (8.4%) of the respondents. 
 Table (4-9) The Utilization of water harvesting technique in relation 
to crop irrigation in the area:-  
The use of water harvesting 
techniques 
The harvested water used to 
irrigate 
Used Not used 
Total 
Filed crops  34.9% 2.4% 37.3% 
Horticultural crops 16.9% 1.2% 18.1% 
Forage crops  9.6% - 9.6% 
Agroforstry irrigation  8.4% - 8.4% 
Other (fencing trees) 13.3% - 13.3% 
 
All types of crops  12.0% 1.2% 13.3% 
 Total 95.2% 4.8% 100.0% 
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4.1.10 Land tenure and cultivation system around water points:-   
Table (4.10) shows that the majority of the respondents (38.6%) 
mentioned that the dominant type of land tenure system in the study area 
is the customary land tenure system which enforced by the sheikh of the 
village, followed by popularity system (28.9%), while 18.1% and 14.5% 
of respondents mentioned governmental system and all existing systems 
respectively. The results showed that the high percent (54.2% ) of the 
respondents mentioned that the cultivation system around dams and hafirs 
sites was selected according to farmer's choice, followed by the sheikh of 
the village permission (20.5%), forest administration permission (12 % ) 
and rent system (9.6%), respectively, while 3.6% of them mentioned the 
partnership system. 
Table (4.10) Land tenure and cultivation system around water 
points:-  
Cultivation system around dams/hafirs Land tenure 
system in 
dams and 
hafirs sites 
Farmer
s 
choice 
Forest 
permissio
n  
Villag
e 
sheikh
Rent Partnershi
p 
Total  
Government
al system 
12.0% 3.6% 1.2% 1.2
% 
- 18.1% 
Popularity 
system  
18.1% 4.8% 2.4% 3.6
% 
- 28.9% 
Village 
sheikh 
permission 
19.3% 2.4% 13.3% 3.6
% 
- 38.6% 
 
All systems  4.8% 1.2% 3.6% 1.2
% 
3.6% 14.5% 
 Total  54.2% 12.0% 20.5% 9.6
% 
3.6% 100.0
% 
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4.1.11 The Important Economic Crops in the study area (dams/ hafir 
sites).  
The table (4.11) shows that about 37.3% of the respondents mentioned 
that the important crops in the study area are oil crops + forage crops + 
vegetables, 27.7 % mentioned cereal crops, legumes and vegetables, and 
25.3 % mentioned vegetables, fruits and fencing trees.  Only (9.6 %) of 
the respondents mentioned cereal crops, forage crops and legumes. 
Table (4.11) The Important Economic Crops in the study area:-  
 
Important economic 
crops in the area  
Frequency Percent 
Oil crops + forage 
crops+ vegetables 
31 37.3% 
Cereal crops + 
legumes + vegetables 
23 27.7% 
Vegetables + fruits + 
fencing trees 
21 25.3% 
Cereal crops + forage 
crops+ legumes 
8 9.6% 
4.1.12 Land Tenure System and Sites of Techniques Adoption in the 
study area:-  
Table (4.12) shows that the (38.6%) of the respondents mentioned that 
the dominant types of land tenure system in the area was enforced by the 
sheikh of the village, followed by popularity system (28.9%), 
governmental (18.1%) and all existence systems (14.5%) respectively, the 
results showed that (42.2%) of the respondents mentioned agricultural 
sites, (27.7%) of them stated all of the sites in the area, (26.5%) 
mentioned forestry and postural sites, while the settlement sites were 
mentioned by the rest of them (3.6%).  
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Table (4.12) Land Tenure System and the Sites of Techniques 
Adoption in the study area:-  
Sites of techniques adoption Land tenure system in 
dams and hafirs sites 
Forestry
& 
postural 
Agricultural Settlement All 
sites 
Total 
Government  7.2% 4.8%  6.0% 18.1
% 
Popularity  7.2% 16.9% 2.4% 2.4% 28.9
% 
Village sheikh  10.8% 18.1% 1.2% 8.4% 38.6
% 
 
All existence 
system 
1.2% 2.4%  10.8
% 
14.5
% 
Total  26.5% 42.2% 3.6% 27.7
% 
100.0
% 
 
4.1.13 Economic Return from these Techniques to farmers and 
pastoralists and the Number of the Beneficiaries’ in the area:-  
Table (4.13) showed that (53.0%) of the respondents stated that the 
economic return of water harvesting techniques was big, followed by 
medium economic return (43.4%), while the weak economic return of 
techniques adoption stated by the rest (3.6 %) of the respondents.(Fig 8). 
Also the respondents stated that water harvesting techniques have 
provided many benefits for high number of beneficiaries’, which include 
majority (39.8%), medium (34.9%) and minority (25.3%), respectively. 
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 Table (4.13) Economic Return from these Techniques to farmers and 
pastoralists and the Number of Beneficiaries in the area:-  
Number of beneficiaries Economic return form 
these techniques to 
farmers pastoralists Majority Medium Minority 
Total  
Big economic return 21.7% 21.7% 9.6% 53.0% 
Medium economic 
return 
16.9% 12.0% 14.5% 43.4% 
 
Weak economic 
return  
1.2% 1.2% 1.2% 3.6% 
Total  39.8% 34.9% 25.3% 100.0% 
 
4.1.14 Postural and Agricultural Value of Water Harvesting 
Techniques in the study area:-  
Table (4.14) shows that the majority of the respondents (83.1%) stated 
that the water harvesting and spreading techniques were useful for range 
land, while (12.0%) of them stated harmful for rangeland, and only 
(4.8%) of the respondents referred to others. On the other hand, (65.1%) 
of the respondents mentioned that the water harvesting techniques led to 
the high productivity, (32.5%) moderate productivity, while only (1.2%) 
of them said they led to low productivity and in the same percent (1.2%) 
of them stated others (civil conflicts and security problems), Fig ( 7)  
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Fig (7) PASTURAL, AGRICULTURAL, FORESTRY AND 
ENVIRONMENTAL VALUE OF WATER HARVESTING 
TECHNIQUES. 
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Table (4.14) Postural and Agricultural value of Water Harvesting 
Techniques in the area:-  
Agricultural value of (WHT) Postural value of 
water harvesting 
techniques High 
productivit
y 
Moderate 
productivity 
Low 
productivi
ty 
Other 
values 
Total 
Useful for range 
land 
59.0% 22.9% 1.2% - 83.1% 
Harmful for 
range land  
3.6% 7.2% - 1.2% 12.0% 
 
Other values  2.4% 2.4% - - 4.8% 
Total  65.1% 32.5% 1.2% 1.2% 100.0%
 
4.1.15 Environmental and Agricultural Value of Water Harvesting 
and Spreading Techniques in the area:-  
Table (4.15) shows that (45.8%) of the respondents stated that the water 
harvesting and spreading techniques were useful for environment, 
followed by 33.7% who mentioned that water harvesting is  useful for the 
environmental and natural resources, and (10.8%) of them said that WH 
achieved conservation for water and soil. On the other hand, only (8.4%) 
of them said that WH destroyed the environment, and (1.2%) of the 
respondents mentioned other values in general without determining.  
Also, 65.1% of the respondents mentioned that the adoption of these 
techniques lead to high productivity, and 32.5% mentioned moderate 
productivity, whereas 1.2% mentioned low productivity and 1.2% 
mentioned others, Fig (7). 
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Table (4.15) Environmental and Agricultural Value of Water 
Harvesting Techniques in the study area:-  
Agricultural value of WH techniques Environmental 
value of water 
harvesting High 
productivi
ty 
Moderate 
productivity
Low 
productivity 
Other 
values 
Total 
Useful for the 
environment 
31.3% 13.3% 1.2% - 45.8
% 
Destroyed for 
environment 
3.6% 4.8% - - 8.4% 
Achieved 
conservation for 
water and soil 
7.2% 3.6% - - 10.8
% 
Useful for 
environment and 
natural resources  
21.7% 10.8% - 1.2% 33.7
% 
Others  1.2% - - - 1.2% 
 Total  65.1% 32.5% 1.2% 1.2% 100.0
% 
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4.1.16 Forestry and Agricultural Value of Water Harvesting and 
Spreading Techniques in the study area:-  
Table (4.16) shows that 65.1% of the respondents stated that the water 
harvesting techniques lead to high productivity, 32.5% mentioned 
moderate productivity, while 1.2% of them mentioned low productivity 
and 1.2% mentioned other values such as creation of micro-climate and 
saving time and efforts for the farmers and pastoralists. Also 43.4% of the 
respondents mentioned that the forestry value due to water harvesting 
techniques occurs in providing tree strips or shelter belts around water 
points (dams and hafirs sites), followed by assisting in forestry 
conservation and regeneration by providing tree strips (28.9%), help in 
afforestation and reforestation programmes (20.5%). In addition to that 
other values are mentioned by 7.2 % of the respondents, Fig (7).  
Table (4.16) Forestry and Agricultural Value of (WH)  
Agricultural value of (WHT) Forestry value of 
water harvesting High 
productivi
ty 
Moderate 
productivity
Low  
productivity 
others 
Total 
Assist on forestry 
conservation 
13.3 % 6.0% - 1.2% 20.5% 
Provide tree 
stripes around 
dams/hafirs 
31.3% 10.8% 1.2% - 43.4% 
Help in a 
forestation 
16.9% 12.0% - - 28.9% 
Others 3.6% 3.6% - - 7.2% 
Total 65.1% 32.5% 1.2% 1.2% 100.% 
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4.1.17 Type of soil in dams and hafirs sites in the study area:-  
Table (4.17) shows that (44.6%) of the respondents stated that the type of 
soils in dams and hafirs are clay soil. About 33.7% of them stated gradud 
soil, while the rest of respondents (12.0%) mentioned silty soils, 2.4% of 
the respondents mentioned sandy soil and 7.2% mentioned others.  
Table (4.17) Type of soil in the study area (dams/hafirs)  
Types of soil in the 
area 
Frequency Percent 
 
Clay soil 37 44.6% 
Gradud soil 28 33.7% 
Silt soil 10 12.0% 
Others 6 7.2% 
Sandy soil 2 2.4% 
Total 83 100.0% 
 
4.1.18 The Level of Land Slope in/on dams and hafirs sites in the 
study area:-  
Table 4.18 shows that the majority of the constructed dams and hafirs at 
the given or treated sites are on moderate land slope as mentioned by 
69.9% of the interviewed sample, while slight slope and steep slope is 
claimed by 16.9% and 13.3% of the respondents, respectively.  
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Table (4.18) The Level of land slope in/on dams and hafirs sites in the 
study area:-  
Level of land slope in the 
area 
Frequency Percent 
Moderate slope 58 69.9% 
Slight slope 14 16.9% 
Steep slope 11 13.3% 
Total 83 100.0% 
4.1.19 Vegetation Cover around dams and hafirs sites:-  
Table (4.19) shows that the vegetation cover in the study area vary 
according to the respondents claim from none to intensive, moderate 
(37.3%), intensive (31.3%), slight (27.7%) and none (3.6 %) respectively.  
Table (4-19) Vegetation Cover around water points  
Vegetation cover around 
dams/hafirs 
Frequency Percent 
Moderate  31 37.3% 
Intensive  26 31.3% 
Slight  23 27.7% 
None  3 3.6% 
Total 83 100.0% 
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4.1.20 Best Types of Trees for Fencing and Protection Purposes:-  
Table (4-20) shows that (71.1%) of the respondents mentioned that the 
best types of trees for fencing and protection dams or hafirs water were 
Acacia mellifera , A. nilotica , Khaya senegalensis and Ziziphus spp, 
while (16.9%) of them stated that A .senegal + Azadirachta indica+ 
dansonia digitata+ Tamarndus, as best trees for fencing, but the same 
percent (6.0%) of the respondents mentioned Balanites aegyptica + 
Grewia spp+ A. seyal+ Eucalpytus and fruit trees + Faidherbia albida+ 
A. trotilis+ Meskiet trees, as the best types for fencing and protection 
purposes, ( Plate 5:a,b,c ).  
Table (4-20) The Best Type of Trees for dams/hafirs water Fencing 
and Protection  
Best Type of Trees for 
Fencing and Protection 
 
Frequency Percent 
A. mellifera + A. 
nilotica+ Khaya 
senegalensis+ ziziphus 
spinachristi  
59 71.1% 
A. Senegal + Azadirachta 
indica + Adansonia 
digitata +Tamerindus 
indica 
14 16.9% 
Balanites aegyptica+ 
Grewia spp+A.seyal + 
Eucalyptus 
5 6.0% 
Fruit trees + Faid herbia 
albida+ A. trotilis + 
meskiet  
5 6.0% 
Total 83 100.0% 
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Plate 5: Best trees for fencing and protection purposes  
Khaya senegalenses 
A. nilotica 
Muli trees 
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4.1.21 Types of Grazing Animals raised in the study area:-  
Table (4-21) shows that the majority of the respondents (53 %) have 
stated the types of grazing animals raised in the area were goats , sheep 
and cows, followed by goats and sheep (24.1%) and all types (13.3%) 
then cows (7.2%), while only (2.4%) of the respondents mentioned 
camels, Plate (6:a,b,c,d).  
Table (4-21) Types of Raising Grazing Animals in the study area:-  
Types of raising animals Frequency Percent 
Goats + sheep+ cows  44 53.0% 
Goats+ sheep  20 24.1% 
All types (goats + sheep + 
cows + camels) 
11 13.3% 
Cows only  6 7.2% 
Camels only  2 2.4% 
Total 83 100.0% 
4.1.22 the Existence of Separate Sites for Animal Drinking Water:  
Table (4-21) shows that (56.6%) of the respondents mentioned that there 
were no separate sites for animal drinking water, while (43.4%) of them 
claimed to the existence of separate sites for animals drinking water and 
others for human.  
Table (4-22) the Existence of Separate Sites for Animal Drinking 
Water:-  
Separate sites for animal drinking Frequency Percent 
Existence  36 43.4% 
Not existence  47 56.6% 
Total  83 100.0% 
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Plate 6: Types of Raising and Grazing Livestock in the study area. 
 90
4.1.23 Contribution of Techniques to provide Food security and 
Water supply in the study area:-  
The results showed that the majority of the respondents (86.7%) 
mentioned the role or contribution of water harvesting techniques to 
provide food and water security, while (12.1%) conditioned and only 
(1.2%) of them said there was no contribution of techniques to provide 
food and water security (Table 4.23) , ( Plate . 7) and Fig ( 8). 
Table (4-23) Contribution of Water Harvesting and Spreading to 
provide Food and Water Security:-  
Contribution of WH to 
provide food security and 
water supply 
Frequency Percent 
Contribute  72 86.7% 
Conditioned contribution 10 12.1% 
Not contribute  1 1.2% 
Total 83 100.0% 
 
4.1.24 Contribution of Techniques to provide Forage for animal 
throughout the year:-  
The results showed that (39.8%) of the respondents stated no contribution 
of water harvesting to provide forage for animals throughout the year 
followed by conditioned contribution (31.3%), and contribution without 
conditions (28.9%), respectively, Table (4-24) ,Fig (8 ) and Plate (7) 
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Table (4-24) Contribution of WH Techniques to provide Forage for 
animals throughout the year 
Contribution of WH to 
provide forage for animal 
throughout year 
Frequency Percent 
Not Contribute  33 39.8% 
Conditioned contribution 26 31.3% 
Contribution without 
conditions   
24 28.9% 
Total 83 100.0% 
 
 
4.1.25 Contribution of WH Techniques to Rural Areas 
Development:-  
Table (4-25) shows that the majority of the respondents (86.7%) stated 
that the water harvesting techniques contribute to rural areas development 
efficiently, while (13.3%) of them said that there was contribution with a 
certain conditions should be provided (conditioned contribution) Fig (9).  
Table (4-25) Contribution of WH Techniques to Rural Areas 
Development:-  
Contribution of WH 
techniques to rural areas 
development 
Frequency Percent 
Contribution without any 
conditions   
72 86.7% 
Conditioned contribution 11 13.3% 
Total 83 100.0% 
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Fig (8) Contribution of Water Harvesting Techniques to: - 
Economic return, Food security, Forage provision and Mari 
culture  
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4.1.26 The Role of WH Techniques as a mean for Natural Resources 
Conservation:- 
Table (4-26), showed that the role of water harvesting techniques in rural 
areas development and as a mean for natural resources conservation, the 
majority of the respondents (65.1%) mentioned big role, followed by 
medium role (30.1%), while the rest (4.8%) mentioned that the role of 
technique in natural resources keeping and conservation was described as 
weak, Fig (9). 
Table (4-26) The Role of WH Techniques in Natural Resources 
Keeping and Conservation:- 
The role of WH in natural resources 
conservation 
Frequency Percent 
Big role 54 65.1% 
Medium role 25 30.1% 
Weak role 4 4.8% 
Total 83 100.0% 
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4.1.27 Contribution of WH Techniques in Agricultural Production 
and Animal wealth Insurance:- 
The contribution of water harvesting techniques in agriculture and animal 
wealth insurance as viewed by the majority of the respondents (66.3%) 
was big, and (30.1%) described it as medium, while the rest  (3.6%) 
mentioned that  the contribution as weak and sometimes not clear,(Table 
4.27,Fig 9  and plate 7 ) . 
 
Table (4-27) Contribution of WH Techniques in Agricultural 
Production and Animal wealth Insurance:- 
Contribution of WH technique in agriculture 
and animal wealth insurance 
Frequency Percent 
Great contribution 55 66.3% 
Medium contribution 25 30.1% 
Weak contribution 3 3.6% 
Total 83 100.0% 
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Plate 7: Water harvesting for forests regeneration, food production, 
forage production and food security. 
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4.1.28 The Role of WH Techniques in Increasing an Individual 
income and Improving life standard:- 
The role of water harvesting techniques in increasing an individual 
income and improving living conditions which mentioned by the majority 
of the respondents (61.4%) was big, and (30.1%) described it as medium, 
while the rest of the respondents (8.4%) mentioned that the role of 
techniques as weak.( Table 4-28 and Fig 9 ). 
 
Table (4-28) The Role of WH Techniques in Increasing an Individual 
income and Improving life standard:- 
The role of WH in increasing an individual 
income and improving life standard 
Frequency Percent 
Big role 51 61.4% 
Medium role 25 30.1% 
Weak role 7 8.4% 
Total 83 100.0% 
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Fig (9) Contribution of Water Harvesting Techniques to: Increasing 
income, Agriculture and livestock insurance, Natural resources 
conservation and rural areas Development 
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4.1.29 Contribution of WH Techniques in Reducing the Impacts of 
Drought, Desertification, Poverty, Overgrazing, Overcutting, 
Migration and Displacement. 
Table (4-29) Shows that the majority of the respondents (65.1%) stated 
that all threats mentioned above (drought, desertification, overgrazing, 
over-cutting, migration and displacement), followed by drought and 
desertification only (20.5%), migration and displacement (10.8%), 
respectively, while the rest of the respondents mentioned that the 
reduction of overgrazing (2.4%) and trees over-cutting (1.2%), 
respectively. Fig. (10). 
Table (4-29) Contribution of WH Techniques in Reducing the 
Impacts of Drought Desertification, Poverty, overgrazing, over 
cutting, Migration and Displacements:- 
Contribution of WH techniques in reducing 
the impact of:- 
Frequency Percent 
Drought and desertification 17 20.5% 
Over grazing 2 2.4% 
Trees over cutting 1 1.2% 
Migration, poverty and displacement 9 10.8% 
All mentioned above are right 54 65.1% 
Total 83 100.0% 
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Fig (10) Contribution of Water Harvesting Techniques to: Reduction 
of the impacts of Drought and Desertification and their negative 
effects. 
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4.1.30 Marketing operations for WH Techniques Agricultural 
products:- 
The marketing operations for water harvesting techniques agricultural 
products have been done in nearest towns as viewed by the majority of 
the respondents (62.7%),followed by (20.5%) in both (locally + nearest 
towns) and (13.3%) locally, while the rest of the respondents (3.6%) 
mentioned that the marketing operations take place out of the state. 
Table (4-30) Marketing processing Sites:- 
Marketing processing sites for WH 
agricultural products 
Frequency Percent 
In nearest towns (inside the state) 52 62.7% 
 (locally + nearest towns) 17 20.5% 
Locally 11 13.3% 
Out of the state 3 3.6% 
Total 83 100.0% 
 
4.1.31 Constraints and Problems which faced Agricultural products 
Marketing:- 
Table (4-31) shows that the respondents who mentioned that the prices 
declining were the main problems directly influence agricultural products 
marketing, (22.9%) transport problems, (18.1%) both prices declining and 
transport, while, others represented only (10.8%) of these constraints. 
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Table (4-31) Problems which faced agricultural products marketing:- 
Problems\ constraints Frequency Percent 
Prices declining 40 48.2% 
Transport 19 22.9% 
Both (Prices declining 
and transport problems) 
15 18.1% 
Others 9 10.8% 
Total 83 100.0% 
 
4.1.32 Contribution of WH techniques in Mari culture:- 
Table (4-32) shows that the majority of the respondents (55.4%) 
mentioned that the water harvesting technique have no contribution in 
Mari culture and fish production, followed by weak contribution (28.9%), 
and (13.3%) described it as medium, while the rest of the respondents 
(2.4%) mentioned that the magnitude of contribution was large. Fig (8). 
Table (4-32) Contribution of WH techniques in Mari culture 
Contribution of WH techniques in 
Mari culture 
Frequency Percent 
Not contribute 46 55.4% 
Weak contribution 24 28.9% 
Medium contribution 11 13.3% 
Large contribution 2 2.4% 
Total 83 100.0% 
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4.1.33 The Important Sources of Drinking Water for human and 
animals in study area and their Rehabilitation periods:- 
Table (4-33) shows that (28.9 %) of the respondents mentioned that the 
(dams + hafirs) and (wells + dams + hafirs) have the same degree of 
importance as the sources of drinking water for both human and animals, 
followed by others (19.3 %), wells (12.0%) and boreholes (10.8%), 
respectively. The periods of water sources rehabilitation were according 
to needs as mentioned by (57.8 %) of the respondents, followed by yearly 
(28.9%) and every three years (10.8 %), while the rest (2.4%) claimed 
that the period of rehabilitation every five years,. Plate (8: a, b, c, d). 
Table (4-33) The Important Sources of Drinking water for human 
and animals and the periods of Rehabilitation:- 
The period of rehabilitation  Important sources of 
drinking water for 
human and animal Yearly Every 
three 
years 
Every 
five 
years 
According 
to need 
Total 
 Wells 2.4% 1.2%  8.4% 12.0% 
 Dams & hafirs 7.2% 3.6% 1.2% 16.9% 28.9% 
 Boreholes 3.6% 1.2%  6.0% 10.8% 
 Others 7.2%   12.0% 19.3% 
 Wells + 
dams+hafirs 
8.4% 4.8% 1.2% 14.5% 28.9% 
 Total 28.9% 10.8% 2.4% 57.8% 100.0% 
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4.1.34 Surface and Groundwater Sources Contribution (%) to 
Drinking Water Supply for Urban and Rural Areas of North 
Kordofan State: 
Table (4.34) shows that the main source of water supply for the domestic 
purposes in each of ; Bara, Umrawaba, Ennuhoud, Umjack, Abuzabad 
(rural), Sogaljamal, Ghubiesh, Gabrat-Ashiekh, Wad-Ashana, Wadbanda 
and Elkhuwi was ground water source , with percentages; 95 %, 95 %, 95 
%, 100 %, 95 %, 100 %, 100 %, 98 %, 100 %, 100 % and 100 %, 
respectively, while in El obeib, Shiekan, Sudri and Errahad the main 
source was surface water ( dam, hafir, turda ,rahad and fula), with 
percentages ; 67 %, 60 %, 98 % and 100 %, respectively, whereas, in 
Abuzabad(urban) ground and surface water sources were shown to be in 
equal share ( 52 % and 48 % respectively), as main sources of drinking 
water supply. 
The above results were obtained from Urban and Rural Water General 
Administrations (URWGA) - El Obeid, North Kordofan State.  
4.1.35 Dams and Hafirs Water Protection from Evaporation and 
Vegetation Cover around the study area:- 
Table (4.35) shows that the majority of the respondents (65.1%) 
mentioned that the programme of protection the harvested and collected 
water in dams and hafirs from evaporation was not existing in the area, 
while (34.9%) of them stated the existence of programme for protecting 
the collecting water from evaporation. The vegetation cover in the study 
area vary according to the respondents claim from none to intensive as 
follow: - medium (37.3%) intensive (31.3%), slight (27.7%) and none 
(3.6%). 
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Table (4.34) Shared (%) of Surface and Groundwater Sources to 
Water Supply for Urban and Rural Areas of North Kordofan State 
Urban areas %of  
GW 
%of  
SW 
Rural areas %of 
GW 
%of 
SW 
El Obeid 33 % 67 % Elkhuwi 100 % 00 
Ennuhoud 100 % 00 Sudri 2 % 98 % 
Errahad 00 100 % Bara 95 % 5 % 
Umruwaba 100 % 00 Umruwaba 95 % 5 % 
Bara 100 % 00 Wad-Ashanna 100 % 00 
Abuzabad 52 % 48 % Wadbanda 100 % 00 
- - - Gabrata-Shiekh 98 % 2 % 
- - - Ennuhoud 95 % 5 % 
- - - Ghubiesh 100 % 00 
- - - Sogu-Aljamal 100 % 00 
- - - Abuzabad 95 % 5 % 
- - - Umjack 100 % 00 
- - - Shiekan 40 % 60 % 
Note: - 1. Gw = Ground Water      2. Sw = Surface Water  
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Table (4.35) Protecting from Evaporation and the Vegetation Cover 
in Dams and Hafirs Sites. 
  Vegetation cover around dams/hafir  
  Intensive Moderate Slight None Total 
Existing 13.3% 15.7% 6.0% - 34.9% Dams 
water 
protection 
from 
evaporation 
Not 
existing 
18.1% 21.7% 21.7% 3.6% 65.1% 
 Total 31.3% 37.3% 27.7% 3.6% 100.0% 
4.1.36 Effect of Sand Creeping on Burying dams and hafirs& The 
Existing Number of dams and hafirs in the study area:- 
Table (4-36) shows that 32.5% of the respondents mentioned that the 
effect of sand creeping on burying dams and hafirs described as slight and 
32.5% for medium. Those who mentioned about by severe 19.3% and 
none about 15.7%. The existing number of water points (dams, hafirs 
,turdas) in the area were distributed between very few (57.8%) and 
medium (33.7%) as mentioned by the majority of the respondents, 
whereas only 8.4% of them claimed that the number of water points in the 
area of the study were adequate. 
4.1.37  Important Sources of Drinking Water for Human and 
Animals and Needs for more Expansion in these Techniques:- 
The important sources of drinking water supply for human and animals in 
the study area were mainly dams, hafirs and wells which described as the 
dominant sources according to 57.8% of the respondents. Other sources 
claimed by 19.3% of the respondents include plastic basins and tanks, 
followed by wells only (12.1%) and boreholes (10.8%). More needs for 
more expansion in water harvesting and spreading techniques was 
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mentioned by the majority of the respondents (90.4%), whereas no need 
and the need with providing certain conditions mentioned by 3.6% and 
6.0%, respectively (Table 4.37 and Plates 8). 
Table (4-36) The Effect of Sand Creeping on Burying dams and 
hafirs& The Existing Number of dams and hafirs in the area:- 
  Existing number of dams/hafirs Total 
  Adequate Medium Very few  
Sever 3.6% 7.2% 8.4% 19.3% 
Medium 1.2% 12.0% 19.3% 32.5% 
Slight - 12.0% 20.5% 32.5% 
The effect 
of sand 
creeping 
on 
burying 
dams and 
hafirs in 
the area 
None 3.6% 2.4% 9.6% 15.7% 
Total  8.4 % 33.7% 57.8% 100.0% 
Table (4-37) Important Sources of Drinking Water for Human and 
Animal& More Need for Expansion in these Techniques in the area:- 
 Need for more expansion Total 
 Yes No Conditioned  
Wells 10.8% 1.2% - 12.1% 
Dams & 
hafirs 
27.7% - 1.2% 28.9% 
Boreholes 8.4% 1.2% 1.2% 10.8% 
Others 15.7% 1.2% 2.4% 19.3% 
Wells + 
dams + 
hafirs 
27.7% - 1.2% 28.9% 
Important 
sources for 
human and 
animal 
drinking 
water 
Total 90.4% 3.6% 6.0% 100.0% 
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Plate 8: Provision of Drinking Water for Human and Animals (as 
Water Security Projects.)  
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 4.1.38 Sustainability of Harvested Water for Use throughout 
Summer Season and The best Situation for Population in the Area 
Before or After Techniques Adoption:- 
Table (4-38) Shows that all respondents (100%) clarified that the 
situation of population in the study area became better after water 
harvesting techniques adoption. On the other hand, the majority of the 
respondents mentioned that the amount of harvested or collective water in 
dams and hafirs was not adequate for use throughout the summer season 
(61.4%), whereas (38.6%) of them claimed that the harvested water was 
sufficient for utilization in the dry seasons (Plate 9). 
Table (4-38) Sustainability of the Amounts of Harvested Water for 
Using During Dry Seasons and Best Situation for Population in the 
Area before or After Techniques Adoption 
Best situation with 
technique adoption 
Total Sustainability of the 
amounts of harvested water 
for using during summer 
season 
before after  
yes - 38.6 % 38.6 % 
No - 61.4 % 61.4 % 
 
Total - 100 % 100 % 
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Plate 9: Shortage of Drinking Water in Dry Seasons in some Parts of 
the State. 
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4.1.39 The Technical problems Facing these Techniques and Clear 
Coordination between the Relevant Parties in Extension, Follow-up 
and Evaluation Programmers:- 
Table (4-39 ) shows that (32.5%) of the respondents believe that 
reduction of financial , machinery and equipments are the main problems 
facing the application of water harvesting and spreading techniques in the 
study area, followed by mismanagement and weakness in coordination 
and maintenance operations (26.5%). The absence of extension programs, 
participation, training and weak adoptioned was claimed by 15.7% of the 
respondents. The absence of adequate studies, designing and good 
implementation mentioned by (14.5%), and the absence of protection 
from evaporation and shortage in number of existing dams and hafirs in 
the area mentioned by (10.8%). The coordination between the relevant 
parties in extension, follow-up and evaluation progammes as viewed by 
the majority of the respondents is not existing 49.4% and 43.4% of them 
mentioned that it is existing, while the rest (7.2%) mentioned that the 
coordination is conditioned. 
4.1.40 The Suggested Solutions to avoid these Problems& the Level of 
Acceptability of people to adopt and deal with these Techniques in 
the study area:- 
Table (4-40) shows that 33.7% of the respondents believe that active 
administration and financial support reduce the problems efficiently, 
followed by extension, participation and awareness raising (19.3%), 
adequate studies, good design and implementation (16.9%), protection 
and conservation (16.9%) and legislations, regulation, expansion and 
support (13.3%) . The level of population acceptance to adopt and to deal 
with these technique rationally stated by 57.8% of the respondents and 
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about 39.8% of them described it as high and medium respectively, while 
the rest (2.4%) mentioned that the level of population acceptance is weak.  
 
Table (4-39) Technical problems &Clear Coordination between 
Relevant Parties in Extension, Follow up and Evaluation Programs:- 
Technical problems 
which facing these 
techniques 
Coordination between 
relevant parties 
Total 
Reduction of financial 
machinery and 
equipments 
18.1% 12.12% 2.4% 32.5% 
mismanagement, 
weaknesses 
coordination/conservation
10.8% 13.3% 2.4% 26.5% 
absence in adequate 
studies, designing and 
good implementation 
6.0% 8.4% - 14.5% 
Absence of extension, 
participation training and 
weak adoption 
4.8% 9.6% 1.2% 15.7% 
Absence of protection 
from evaporation and 
shortage in number of 
dams/hafirs 
3.6% 6.0% 1.2% 10.8% 
 
Total 43.4% 49.4% 7.2% 100.0%
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Table (4.40) Suggested Solution to avoid these Problems& the Level 
of Population Acceptance to adopt and deal with these Techniques. 
Level of population acceptance 
 high medium Weak 
Total  
Active 
administration and 
financial support 
20.5 % 10.8 % 2.4 % 33.7 %
Adequate studies, 
good designing and 
implementation 
9.6 % 7.2 % - 16.9 %
Extension, 
participation and 
awareness rising 
8.4 % 10.8 % - 19.3 %
Protection and 
conservation 
13.3 % 3.6 % - 16.9 %
Suggested 
solutions 
to avoid 
the 
existence 
problems 
Legislation, 
regulation, 
expansion and 
support 
6.0 % 7.2 % - 13.3 %
Total 57.8 % 39.8 % 2.4 % 100 %
4.1.41 the role of NGOs in Rural Development in Establishing, 
Increasing number and Rehabilitation of the Water Points 
(dams/hafirs): 
Table (4-41) shows that (31.3%) of the respondents described the role of 
NGOs in rural development in establishing, increasing number and 
rehabilitation of the water points (dams/hafirs) in the study area as weak. 
About (28.9%) of them described it as big and (20.5%) as medium and 
(19.3%) as none (believed that there is no role for none governmental 
organizations). 
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Table (4-41) The Role of NGOs of Rural Development in 
Establishing, Increasing number and Rehabilitation of (dams/hafirs) 
NGOs role in rural development 
(dams/hafirs) 
Frequency Percent 
Big role 24 28.9% 
Medium role 17 20.5% 
Weak role 26 31.3% 
None (no role for them) 16 19.3% 
Total 83 100.0% 
 
4.1.42 Suggested Solutions to avoid Techniques Problems& Vision of 
Local Citizen in dams and hafirs Management in the area:- 
Despite the harsh condition of the study area and the limited opportunities 
for rainfall duration, the local people have their own proposals for the 
development and improvement the management of dams and hafirs water 
in the study area.  Table (4-42) shows that (33.7%) of the respondents 
believe that active administration and enough finance reduce the 
problems efficiently, followed by extension, participation and awareness 
rising (19.3%), adequate studies, good design and implementation as the 
same percentage with the protection from (evaporation + pollution) and 
conservation (16.9%), (16.9%) respectively. While (13.3%) suggest 
legislations, regulation, expansion in techniques and efficient support. 
The majority of the respondents (85.5%) from the local people stated 
their vision or opinion in the management of dams and hafirs water in the 
area as joint or both (governmental +community participant), while 
governmental only mentioned by (9.6%) and the community participant 
only mentioned by (4.8%) of the respondents. 
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Table (4-42) Suggested Solution to avoid the Problems facing 
Techniques Adoption & Vision of local citizen in dams and hafirs 
water Management in the study area:- 
- Local citizen vision in dams/hafirs 
management 
- Government community 
participant 
Joint or 
both 
Total 
Active 
administration 
and financial 
6.0% 2.4% 25.3% 33.7% 
adequate 
studies, good 
designing 
1.2% - 15.7% 16.9% 
Extension, 
participation, 
awareness 
1.2% 2.4% 15.7% 19.3% 
Protection 
and 
conservation 
1.2% - 15.7% 16.9% 
Legislation, 
regulation 
expansion and 
support 
- - 13.3% 13.3% 
Suggested 
solution to 
avoid 
problems 
facing 
techniques 
 
Total 9.6% 4.8% 85.5% 100.0%
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4.1.43 Technical Problems which are facing water harvesting 
techniques adoption & the Best suggested Sites for dams and hafirs 
construction in the study area:- 
Table (4-43) shows that (32.5%) of the respondents mentioned that the 
reduction of financial, machinery and equipments are the main problems 
facing these techniques in the study area, followed by mismanagement, 
weakness in coordination and maintenance operations (26.5%). The 
absence of good extension programmes, participation, well training and 
weak adoption is mentioned by (15.7%), of the respondents and the 
absence of adequate studies, suitable design and good implementation 
stated by (14.5%) of the respondents. The absence of protection from 
(evaporation and pollution), in addition to shortage in existing number of 
dams and hafirs in the study area mentioned by (10.8%) of them. The 
local people have their own suggestions for determination of the best sites 
for the construction of dams and hafirs in the study area, the majority of 
the respondents believed that nearby or beside wide wadis with the soil of 
low to very low permeability (31.3%), followed by gradud lands (22.9%) 
and the position on the small khors (21.7%), whereas the all given sites, 
both (on small khors and nearby wadis) and the nagaa flat lands 
mentioned by (10.8%), (9.6%) and (3.6%), respectively. 
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Table (4-43) Technical Problems which are facing Techniques Adoption &the 
Best suggested Sites for the Construction of dams and hafirs in the study area 
 The best suggested sites for the construction of dams 
and hafirs 
 
Technical 
problems facing 
techniques 
adoption in the 
area 
On 
small 
khors 
Nearby 
wide 
wadis 
Nagaa 
flat 
lands 
Gardud 
lands 
All 
given 
sites 
Both 
small 
khors 
and 
wide 
wadis 
Total 
Lack of 
finance& 
machinery 
7.2% 8.4 % 2.4 % 7.2 % 3.6% 3.6% 32.5% 
Mismanagement, 
weakness in 
coordination& 
conservation 
7.2% 7.2 % - 7.2 % 3.6% 1.2% 26.5% 
Absence of 
adequate studies, 
&good design  
implementation 
4.8% 3.6 % - 2.4 % 1.2% 2.4% 14.5% 
Absent of 
extension 
participation, 
training& weak 
adoption 
1.2% 8.4 % - 2.4% 2.4% 1.2% 15.7% 
Absence of 
protection from 
evaporation & 
pollution and 
shortage in dams 
or hafirs number 
1.2% 3.6 % 1.2 % 3.6 % - 1.2% 10.8% 
 
Total 21.7% 31.3 % 3.6 % 22.9 % 10.8 
% 
9.6% 100.0%
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4.2 Vegetation and Soil Measurements: 
4 .2.1 Vegetation parameters 
As shown in Table ( 4.44 ) are results of plant composition , species 
composition , density index , species frequency and ground cover ,over the 
five selected sites ( Errahad turda , Elain dam , Elgenainya fula , Elobeid 
dam and Elayara hafir ) . However forage density index , which includes the 
desirable species ; were 78.6 % , 66.7 % , 69.2 % , 64.3 % and 70 % 
respectively for the previously mentioned sites , while the undesirable 
species were 21.4 % , 33.3 % , 30.8 % , 35.7 % and 30 % for the same sites, 
respectively Table (4.45) . Respective ground cover index was 47.1%, 42.5 
%, 46.1%, 43.8 % and 39.5 %, compared to bare soil percentages; 3%, 7.6 
%, 4%, 5.6 % and 10.6 % for the same sites, respectively.                                                    
4 .2.2 Total Plant Compositions:                                                                  
As shown in Table (4-44); total plant composition showed slight variation 
among the sites, in addition to observed variation in plant and forage 
compositions quite as elaborated in this result. According to mean values 
conducted as seen in Table (4-44), there appeared no differences. However 
the mean percentages of plant composition were; 89.6 %, 87.6 %, and 81%, 
for sites Errahad Elgenainya and Elayara respectively as high levels 
compared to 78.6 % and 72% for the remaining two sites Elobeid and Elain 
dams respectively.                                                                                                        
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Table: (4-44) Loop Method Parameters (summary sheet for five selected 
sites and their controls  
 
Errahad Elain Elgnainya Elobeid Elayara Parameters 
average trte 
plot 
untrt 
plot 
trte 
plot
untrt 
plot 
trte 
plot
untrt 
plot 
trte 
plot 
untrt 
plot 
trt 
plot
untrt 
plot 
Plant Density 
Index 
44.8 3.3 36 3.0 43.8 3.5 39.3 3.1 40.5 4.6 
Forage 
Density Index 
33.3 1.6 29 1.0 20.5 1.0 25.3 0.3 24.5 1,6 
Ground 
Cover  Index 
47.1 3.3 42.5 2.0 46.1 4.5 43.8 5.1 39.5 6.6 
Percent Plant 
Composition 
(%) 
89.6 6.6 72 6.0 87.6 7.0 78.6 6.2 81 9.2 
Percent 
Forage 
Composition 
(%) 
74.3 48.5 80.6 33.3 46.8 28.6 64.4 9.7 60.5 34.8 
 
Note: 1. trt plot = treated area (with techniques). 
 2. untrt plot = untreated area (without WH techniques). 
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4.2.3 Plant Density Index:   
As shown in Table (4-44) there is a wide similarities over the five sites such 
that plant density index (PDI) ranged between 35.9 and 45 , while the forage 
density for the same sites in the study area ranged between 20.5  and 33.3  , 
however there appears slight variation among sites of nearby 5 .                                          
4.2.4 Vegetation Cover:    
As shown in Table (4-44) average presence of vegetation species are over 
the whole study area ( in the treated area) were ; 44.8 % ,36 % , 43.8 % , 
39.3% and 40.5% respectively , however untreated areas showed average 
vegetation cover presence of ; 3.3 , 3.0 ,3.5 , 3.1 and 4.6 respectively . While 
there was no observed difference seen among the means of all five sites, on 
the other hand ground cover was; 47.1, 42.5, 46.1, 43.8 and 39.3 
respectively compared to untreated areas means as control in the same 
respective sites it was; 3.3, 2.0, 4.5, 5.1 and 6.6 respectively.                                               
4.2.5 Plant Diversity                                                                                        
As shown in Table (4-45) that the palatable plant species within the five 
selected sites in the study area ( ERrahad , Elain ,Elgenainya , Elobeid and 
Elayara ) were ; 78.6 % , 66.7% , 69.2 % , 64.3 % and 70% respectively .The 
unpalatable plant species within the same sites mentioned above were 21.4 
% , 33.3 % ,30.8 % , 35.7 % and 30 % respectively ,while the percentages of 
live plant in the whole five sites were 89.4% , 72 % , 87.4 % , 79.2 % and 
80.8 % respectively ( Table 4.44). The most dominant preferred species 
were ; Dactyloctenium aegyptium , Tribulus terrestris , Cenchrus biflorus , 
Aristida mutabilis ,Sehima ischaemoides , Amaranthus viridis, Ruellia 
patula and Sesbania tetraptera , compared to the remaining preferred 
species which occur in very low percentage, (Table 4-46 and Fig 11 ) . The 
unpalatable species were; Cassia senna , Ocimum basilicum , Solanum 
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dubium ,and Acantha spermum , as shown in Table (4-47) , but the 
remaining species such as Heliotropium supinum and Xanthium brasilicum 
were found in ERrahad turda only.  Cassia obtusifolia is found in Elain dam 
, Sizymbruim taxophillum appeared in Elayara hafir , and Calotrophis 
procera occurred in Elobeid dam only .The Bare Soil (BS) , Litter (L) and 
Rock (R) within all the five selected sites were presented in (Table 4-48 and 
Plate 10:a,b) . It is clear that bare soil occurrence in high percent in Elayara 
10.6 % followed by Elain 7.6 % and Elobeid 5.6 % , whereas in Elgenainya 
is 4% and in Errahad is 3 % . Litter (L) was greater in Elain dam 15.6 % 
followed by Elobeid dam (10.6 %) Elgenainya (6 %), Elayara hafir (5.6 %) 
and Errahad turda (5%). While Rocks (R) cover is (5 %) in Elain dam area 
followed by Elobeid dam (4 %), Eayara hafir (3 %), Elgenainya fula (2.6 %) 
and Errahad turda (2.6 %) .                                              
There is an observed wide variation in the percentages of plant species 
frequency within the five selected sites in the area of the study as the 
following :- Acantha spermum 32.4 % in Elgenainya , Tribulus terrestris 
11.6 % ( Elobeid ) , Sehima ischaemoides 27.2 % ( Elain ) , Amaranthus 
viridis 11.2 % ( Elayara ) , Cenchrus biflorus 11.2 % ( Elgenainya ) and 10% 
( Elobeid ) , Ipomoea kordofana 11.2 % ( Elrrahad ) , Cassia senna  10.4 % ( 
Elobeid ) and the same percent in ( Elayara ) and Cyperus rotundus 10.4 % ( 
Errahad ) ; while the other remaining species their occurrence frequencies 
ranging between ( 0.4% and 9.6 % ) as shown in (Table 4-49 and Fig 12 ). 
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Table :( 4-45) the percentages of palatable and unpalatable species 
within five selected sites in the study area:       
Selected sites Palatable Sp (%) Unpalatable Sp (%) 
Errahad turda 78.6 % 21.4 % 
Elain dam 66.7 % 33.3 % 
Elgenainya fula 69.2 % 30.8 % 
Elobeid dam 64.3 % 35.7 % 
Elayara hafir 70 % 30 % 
 
Table: (4-46) frequency of palatable species in the five selected sites: 
 
Name of species Site1 Site2 Site3 Site4 Site5 mean 
Cyperus rotundus 5.5 - - - - 1-1 
Ipomoea kordofana 5.8 - - - - 1.2 
Cynodon dactylon 3.5 - - - - 0.7 
Sesbania tetraptera 3.5 - - 1.0 - 0.9 
Dactyloctenium aegyptium 3.0 4.5 2.8 3.8 1.8 3.2 
Corchorus olitorius 3.0 - - - - 0.6 
Tribulus terrestris 2.8 4.8 3.8 5.5 3.3 4.0 
Cechrus biflorus 1.0 3.0 4.3 4.5 - 2.6 
Ruellia patula 3.3 - - 2.3 - 1.1 
Aristida mutabilis 0.5 - - 1.8 2.3 0.9 
Echinochloa colona 1.5 - - - - 0.3 
Sehima ischaemoides - 14.3 3.0 - 3.5 4.2 
Alysicarpus vaginalis - - - - - 0.0 
Zornia glochidiata - - 4.5 - - 0.9 
Amaranthus viridis - - 2.3 4.5 6.5 2.7 
Eragrostis termula - - - 1.3 - 0.3 
Aristida adscensionis - - 0.4 - - 0.0 
Cymbopogon proximus - - - 0.8 - 0.2 
Eragrostis major - - - - 3.3 0.7 
Aristida pallida - - - - 4.0 0.8 
 
Note: - Site1= Errahad turda , Site2 = Elain dam , Site3 = Elgenainya 
fula , Site4 = Elobeid dam , Site5 = Elayara hafir  
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Table: (4-47) frequency of unpalatable species in the five selected sites 
in the study area:  
 
Name of species Site1 Site2 Site3 Site4 Site5 Mean 
Solanum dbium 4.3 - 2.5 3.8 - 2.1 
Heliotropium supinum 5.5 - - - - 1.1 
Xanthium brasilicum 1.8 - - - - 0.4 
Cassia senna - 3.3 2.0 4.0 6.0 3.1 
Cassia obtusifolia - 3.8 2.0 - - 0.8 
Ocimum basilicum - 2.5 - 3.3 5.0 2.2 
Sizymbruim taxophillum - - - - 5.0 1.0 
Acantha spermum - - 18.8 1.5 - 4.1 
Calotropis procera - - - 1.5 - 0.3 
 
Note: - Site1= Errahad turda , Site2 = Elain dam , Site3 = Elgenainya fula , 
Site4 = Elobeid dam , Site5 = Elayara hafir  
 
 
 
Table: (4-48) Percentages (%) of Litter, Bare soil, Rock and Live plants 
within the five selected sites in the study area  
 
Selected sites Liveplant 
(vegetation) 
Litter (L) Bare Soil ( BS) Rock ( R) 
Errahad turda 89.4 5.0 3.0 2.6 
Elain dam 72.0 15.6 7.6 5.0 
Elgenainya fula 87.4 6.0 4.0 2.6 
Elobeid dam 79.2 10.6 5.6 4.0 
Elayara hafir 80.8 5.6 10.6 3.0 
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Table: (4-49) plant species frequency (%) in the study area  
 
Scientific name Common name Site1 Site2 Site3 Site4 Site5 
Cyperus rotundus Seida 10.4 - - - - 
Solanum dubium Gubbein 8.0 - 4.8 5.6 - 
Ipomoea kordofana Tabar 11.2 0.4 - - - 
Cynodon dactylon Nageela 5.6 - - - - 
Heliotropium supinum Ghubeyra 8.8 - - - - 
Sesbania tertraptera Suweireeb 8.4 - - 2.8 - 
Dactyloctenium 
aegyptium 
Om-asabie 6.8 8.8 6.4 7.6 5.2 
Xanthium brasilicum Rantouk 3.6 - - - - 
Corchorus olitorius Molukhia 7.2 - - - - 
Tribulus terrestris Dereisa 5.6 8.4 7.2 11.6 8.0 
Cenchrus biflorus Haskaneet 3.6 6.0 11.2 10.0 - 
Ruellia patula Tag-tag 6.4 - - 4.4 - 
Aristida mutabilis Hamra 2.0 1.2 0.8 5.2 7.2 
Echinochloa colona Difra 2.4 0.8 - - - 
Cassia obtusiflorus Kawal - 7.2 - - - 
Sehima ischaemoides Dambalab - 27.2 7.6 - 8.0 
Cassia senna Senn-Makka - 5.6 3.6 10.4 10.4 
Ocimum basilicum Rehan - 5.2 - 7.2 9.6 
Alysicarpus vaginalis Negeigeera - 0.8 - - - 
Sizymbruim taxophillum Figil-Aljumal - 0.4 0.4 - 9.2 
Acantha spermum Nayada - - 32.4 2.8 - 
Zornia glochidiata Sheleni - - 8.0 - - 
Amaranthus viridis Lessan-el Tair - - 4.8 6.8 11.2 
Eragrostis termula Bano - - 0.4 5.6 7.2 
Aristida adscensionis Gaw - - 0.4 - 7.2 
Calotropis procera Oshar - - - 2.4 - 
Cymbopogon proximus Mahareib - - - 1.2 - 
 
 
Note: - Site1= Errahad turda, Site2 = Elain dam, Site3 = Elgenainya fula , 
Site4 = Elobeid dam , Site5 = Elayara hafir  
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Fig (11).The percentages of Palatable (1) and Unpalatable (2) Species 
within Five Selected Sites in the study area,  
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Fig (12) Percentages (%) of Litter, Bare Soil, Rock and Live Plants 
within the Five Selected Sites in the study area.  
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Plate 10: Plant Litter and Bare Soil. 
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4.2.6 Ground Cover:                                                                                      
   There was a noticeable difference among the means of the five selected 
sites and their control as shown in (Table 4-50 and Fig 13). The highest 
percentages were seen in Elobeid dam 85 %, Elain dam72.5 % and 
Elgenainya fula 63.8 % respectively, compared to their controls; 50%, 25 % 
and 70% respectively. The lower percentages occurred in Errahad turda 56.3 
% and Elayara hafir 35 %, compared to the percentages of their controls40 
% and 80 % respectively. See Plate (11: a, b).                                                                
4.3 Soil Moisture content Measurements:                                                     
Soil moisture content measurements at depth of 30 cm and depth of 60 cm 
for the five sites are as shown in Table (4-51). At depth 30 cm the moisture 
percentages were lower at the four sites Errahad , Elain , Elgenainya and 
Elayara which ranging between (8 % and 29 % ) , compared to Elobeid dam 
43.8 % as higher percent . For the depth 60 cm the soil moisture percentages 
were higher at Elobeid dam (55 %), Elayara hafir (50.3 %) and Errahad 
turda (41.5 %) , compared to Elain dam (30.5 %) and Elgenainya fula (35.8 
%) as lower percentages , (Fig 14). There appeared clear differences among 
the means of soil moisture content for both depths 30 cm and 60 cm for their 
mean of total and the untreated areas as control.                                                                    
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Table: (4-50) Quadrates Measurements (percentage of ground cover)  
 
 
No Selected Sites Average % Control % 
1 Errahad turda 56.3 40 
2 Elain dam 72.5 25 
3 Elgenainya fula 63.8 70 
4 Elobeid dam 85.0 50 
5 Elayara hafir 35.0 80 
6 Mean of Total 62.5 % 53 % 
 
 
 
 
 
 
Table :( 4-51) Soil Moisture Content at distance 100 m from (dam 
\ hafir ) body in the selected sites: 
 
 
Depth 
level 
Site1 Site2 Site3 Site4 Site5 Mean % Control 
% 
30 cm 29 % 26 % 25.5 % 43.8 % 18 % 28.5 % 13.4 % 
60 cm 41.5 % 30.5 % 35.8 % 55. % 50.3 % 42.6 % 24.6 % 
 
Note: - Site1= Errahad turda , Site2 = Elain dam , Site3 = Elgenainya 
fula , Site4 = Elobeid dam , Site5 = Elayara hafir  
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(a) Degraded land around water point 
 
 
(b) Pasture in normal status 
 
 
Plate 11: Degraded land affected by overgrazing compared to natural 
pasture in a good status. 
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CHAPTER FIVE -DISCCUSION 
5. Features of Local Community and Environment: 
5.1. Questionnaire Extracted Information:  
Different issues were considered to reflect the general characteristics of 
respondents in the study area. These characteristics include age group 
marital status, gender issue, educational level and occupation or source of 
income. The study samples questioned a number of researchers, specialists 
and technicians. The study samples also, questioned pastoralists and farmers 
and some of employees in the Ministry of agriculture and Animal Resources, 
Urban and Rural Water Corporation. In an addition the study samples also 
questioned the Agricultural Research Corporation and the University of 
Kordofan represented in the faculties of Natural Resources and Education, 
Departments of Geography and Biology. Moreover, the samples also 
questioned the Unions of pastoralists and farmers and some of labors, in 
order to know their different points of view about the study issue.    These 
factors or variables are crucial because they have a direct relation with the 
potentiality of any society or community to cope through attitude change 
with desertification and climatic change for the sake of sustainable 
livelihood. The results showed that the adoption of the agricultural activity 
and animal rearing satisfied the community to settle the area of the study 
with the considerable efforts and facilities provided by the Government of 
Sudan (GoS) and Non- governmental organizations (FAO and others).The 
stability of the community is supported by the fact that the majority of the 
respondents about (73.5%) are married. This high percentage of marriage is 
attributed to the simplicity of marriage expenditures and life which 
contribute significantly to the stability of the state.                                           
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As far as the education level is concerned, it could be considered as a 
monitor to detect the possibility of creating changes in attitudes and the 
raising of ecological awareness to safeguard against environmental 
degradation and develop certain strategies to cope with the harsh 
environment, particularly desertification. The majority of the respondents 
are literates about (98.8%). This situation reflects the ease of adopting 
extension messages based on the interpretation of drawings and written 
pamphlets or brochures. In this case the only vital method for conveying 
extension services (dissemination of information and adoption of skills) is 
the demonstration methods (field days, training tours and practical 
demonstration). The majority of the interviewed samples were males 
(83.1%) and the gender issue was also considered where about (16.9%) of 
the respondents were females. The age group of the interviewed sample 
varies with dominance of the group whom their ages ranging from (30-50).    
The sources of income are an indicator of the main occupation of the 
respondents. They express the degree of reliance on the activities for the 
livelihood and welfare of the household. In the present study, this 
characteristic shows the linkage between the activities of the targeted group 
and the adoption of water harvesting and spreading techniques. The result 
shows that the main sources of income are jobs (66.3%) followed by 
agricultural activities, in addition to pastoralist (30%). The high percentage 
of literacy in the area has been positively reflected on the application or 
adoption of water harvesting techniques according to the awareness, which 
refers to their educational level. Land tenure is one of the most sensitive 
issues concerning resilience of local communities. Usually private 
agricultural lands are acquired through inheritance. Although the different 
households gained a certain parcels of agricultural lands, still there are 
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different types of land ownership (government, popular and sheikh of 
village) as clarified by the respondents in Table (4-10). This difference is 
attributed to the fact that the area receives a continuous influx of emigrants 
to the study area, mainly from the neighboring areas, some member of the 
community have no agricultural background so they faced some difficulties 
to adopt the activity. Therefore, they managed to dispose of their land to 
cater for livestock breeding.                                                                                                   
The rest of the respondents expressed different forms of ownership like crop 
sharing, rent, partnership and release hold from relatives. The utilization of 
water harvesting techniques in relation to crops cultivation in the study area 
include field crops, horticultural crops, forage crops, agro-forestry and 
fencing trees (Table 4-9). This result showed that a considerable number of 
respondents mentioned that the contribution of the water  harvesting 
techniques in increasing crops yield through providing water for 
supplementary irrigation and increasing the infiltration rate of gardud soil. 
This fact in agreement with the observation of the researcher throughout the 
data survey. He observed that the water harvesting techniques have created 
of the socioeconomic status of the local people.                     
The results showed that the majority of the respondents explained that the 
adoption of water harvesting and spreading techniques have achieved high 
values in many sectors such as postural (rangeland), agriculture, forestry, 
wildlife and environment conservation, as shown in the following 
percentages (83.1%), (97,6%), (92.8%)  and (91.5%), respectively. This 
result agreed with (FAO, 1996, 2002, 2003, 2004) who posed the question 
where will we find the water to grow the crops that feed the world? The 
answer lies in improving agricultural productivity and water use efficiency, 
through more efficient irrigation methods and enhanced water harvesting 
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techniques. Also the water harvesting techniques have a great role and 
contribution in animal wealth and agricultural production insurance, rural 
areas development, food and water security, natural resources conservation 
or enhancing the environment, increase economic return for the farmers and 
pastoralists and reducing the causes of desertification and their negative 
impacts as stated by the majority of the respondents with the percentages 
(96.4%), (86.7%), (86.7%), (95.2%), (96.4%) and (85.6%), respectively. as 
in Figures, (7, 8, 9 and 10).                                                                                                    
The above results, in agreement with Hassain, (1998), Abusuwar, (1986), 
Reij et al, (1986), IFAD, (2004), Ahmed & Eldaw, (2003), Omer & Elamin 
(1996), UCWR, (2003) and FAO, (1996, 2002, 2003 and 2004). 
The type of soils in dams and hafirs or any type of other water harvesting 
techniques, which adopted in the study area almost included clay soil with 
(44.6%) and gardud soil (33.7%) as stated by respondents and applied in 
land with moderate slope. The above results showed that a considerable 
number of respondents mentioned that the applications of water harvesting 
techniques are applicable and more efficient in clay or gardud soil with 
moderate land level slope. This has contributed to improvement of the soil 
properties by reducing water erosion. This result is in agreement with the 
observations of researcher. The vegetation which cover the area around 
dams and hafirs sites varies from slight to intensive, but almost moderate 
(Table 4-19). The types of grazing animals in the area include goats, sheep 
and cows which occur in high numbers, while camels are in low numbers. 
The above results show that the majority of the respondents have at least one 
or two types of livestock, so the density of the livestock in the study area 
varies from moderate in one site to intensive in the other, compared with 
vegetation covers around water points. This is probably attributed to 
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conducting grazing regulation to some extent in the area, the majority of the 
participants prefer sheep, goats and cows (Table 4. 21). However, they 
mostly prefer sheep rearing, because of its high rate of reproduction and high 
demand in local market and for export. The second preferred animals are 
goats which are mainly kept at home or Dar (domer) for milk and cash 
earnings since it is easily sold at the village market, only (7.2%) raise cows 
and (2.4%) raise camels. This is probably attributed to the most preferred of 
sheep and goats, because they are most drought tolerant than other livestock 
classes particularly cattle. Sheep is very selective in grazing, but goats play a 
major role in desertification due to their destructive effect on vegetation 
around village and water sources. This result is in agreement with the result 
observed by researcher.                                                                                      
According to Table (4-33), about 57.8% of the sampled participants 
mentioned that dams and hafirs are the main water resources followed by 
other (19.3%), shallow wells (12%) and boreholes (10.8%). This is true 
because the northern parts of the area is sand sheet with high infiltration 
rates during the rainy season, except few clay pockets where seasonal rahads 
or hafirs are found.The result is confirmed by the fact of the concentration of 
surface water sources (dams, hafir, turdas) in the southern parts of the state 
where the zones of gardud and clay soils, while the sources of groundwater 
are more available in the northern parts of the state. Moreover, the above 
results are in agreement of the majority of the respondents who mentioned 
the adoption of water harvesting techniques were from Sheikan locality 
(51.8%) and Bara +Umrowaba. The preferred type of trees for fencing 
purposes to protect the surface water in dams, hafirs and even reservoirs 
form evaporation and pollution processes, are Acacia melifera, A. nilotica, 
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Khaya seleganesis, Ziziphus spp, A. sengal, Azadirachta indica and 
Tamarindus  
indica, as dominant tree species for fencing, which is mentioned by (88%) of 
the respondents (Table 20) while Balanites  aegyptiaca, Grewia spp, A. 
seyal, Eucalyptus, Faidherbia albida, A. torlilis, Meskiet and some kinds of 
fruit trees, mentioned by (12%) of the respondents. The above results 
explained that the fencing process was established by using different species 
of trees, but the dominant species were mentioned by a considerable number 
of the respondents (88%). This is probably attributed to provision shade, 
shelter and good sites for tours and for those people who want to enjoy 
themselves on holidays.                            
According to Table (4.22)  most of water sources have been used for both 
animal and human at the same time as sources of drinking water without 
separation (56.6%) but in the sites used in separation (43.4%). This situation 
refers to the mismanagement of natural resources particularly water 
resources. This may be due to the lack of extension services in rural areas, 
especially about diseases which transmitted from animals to human.                 
The result showed that (39.8%) of respondents stated no contribution of 
water harvesting to provide forage for animals throughout the year 
particularly dry season, but (31.3%) of them clarified that it’s contribution is 
only under a certain condition and (28.9%) stated contribution to provide 
forage without any condition (Table 24). This difference may be due to 
weakness in the construction of dams or hafirs, small size shallow water, 
sandy soil with high infiltration rates and the absence of irrigated forage 
programme in the study area.The result stated that the sites of water 
harvesting techniques have been applied almost in agricultural lands, 
forestry and rangeland (96.4%) and on small Khors, near wide widis and 
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gardud lands (75.9), while the settled areas represent only (3.6%). The above 
results refer to the relation between sites of techniques adoption and the 
cultivated crops (for cash or food/feed), which has been reflected on many 
benefits to that area and it’s people such as: providing food, forage, water, 
forest products, increasing of productivity and the conservation of natural 
resources. Some of these benefits affect some socioeconomic status of the 
local people of that area, therefore majority of respondents (74.7%) 
mentioned that the techniques applied on water harvesting have great role in 
the livelihood improvement and increasing income for individuals through 
increasing the crops and animals wealth productivity during harvesting. The 
techniques also contributed to the provision of forest product and fodder and 
the improvement of microclimatic condition and other benefits. This is 
summarized in Table (4-28). According to the result of the analysis carried 
out the idea of water harvesting adoption in the study area have been 
generated by both the government and local inhabitants with wide 
intervention and supervision from the government, which include all types 
and system of water harvesting techniques such as: Teraces, hafirs, small 
dams, big dams and others. The living condition of people in the area has 
received positive changes in the all forms of life. This hypothesis has been 
confirmed by all of the respondents (100%). They mentioned that situation 
became much well than before. There is also a very noticeable improvement 
in ecological zones, around the area of the study and stabilization as well. 
Conservation of the natural resources was achieved through these techniques 
adoption and implementation. This attributed to the limitation of water 
quantities and the low production and productivity of sandy soil, in 
comparison to clay and gardud soils.                     
Also from the analysis results the techniques applied seemed not quite 
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efficient in contributing to Mari culture, because of the watering points 
(dams, hafir and turds ) have been dried in the first half of the summer 
season as stated by the majority of the respondents. This may lead to 
shortages of water requirements for domestic and agricultural purpose and 
fishing activities. Therefore, people in the area have a strong desire for 
expansion in water harvesting techniques particularly dams and hafirs based 
on enough studies, good design and an agreement between beneficiaries, 
owners and donors, which contained at least: objectives, design, procedures 
for construction, time scale, budget and contributions of each party, by-law 
and regulations governing the use and maintenance of water harvesting 
structures and ownership agreement. The above demand has been confirmed 
by the majority of the respondents (90.4%) Table (4-36). 
The marketing processes of the out put for the agricultural products almost 
have been done inside the state, mainly in the nearby towns which was 
mentioned by (62.7%) of the respondents, followed by local markets. On the 
other hand, many problems and constraints have faced the process of 
marketing such as: prices fluctuation, difficulties in transport and others. 
This is partly may be attributed to weakness of infrastructure, absence of 
clear agricultural policies. The mismanagement in agricultural packages is 
due to the cultivation of lands by unskilled farmers.                                                   
The effect of sand movement and creeping by wind in burying dams and 
hafirs in the area of the study is not more effectively, because the range is 
clearly between slight and moderate. This is considered to be as a 
contribution in determining the periods of maintenance and rehabilitation, 
either yearly or according to needs.                                                                    
The local people have become well adapted, with high acceptability to deal 
with these techniques. This situation refers to the influences of the active 
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extension programms and environmental awareness of people towards water 
harvesting activities related to soil and water, thus sustaining its 
development. Moreover, (85.5%) of respondents showed that they have 
preferred partnership management (government + local citizen), for the 
surface water sources (harvested water).                                                                        
The role of NGOs in rural development projects management which 
involves the followings: conception, initiation, planning, construction, 
operation, maintenance, rehabilitation and monitoring and evaluation, it 
seems in variation forms none (19.3%), medium (20.5%), big (28.9%) and 
weak (31.3%). This rely on the type of the coordination or cooperation 
between the relevant institutions or parties, in extension, follow up and 
evaluation activities (programmes), which described as absent or weak as 
shown in the Table (4-39). Therefore, any intergraded development 
programmes of water harvesting techniques have to have a significant 
component of developing strategy for achieving people’s participation. Or 
otherwise it would be liable to failure if planed without knowing of the local 
people needs and aspiration priorities. The importance of participation is due 
to the fact that, it’s the feasible possible mean through which people could 
be encouraged to expend their energy, time, and other local resources to 
generate more resources within the community.                  
The main problems and constraints confronting the sustainability of water 
harvesting techniques and their adopted project in the area of the study are 
the followings: limitation of financial, machinery, equipment and tools, 
mismanagement, weakness in coordination and cooperation system, absence 
of adequate studies and lack of applied research, weakness in (conception, 
initiation, maintenance, operation, monitoring, and evaluation), in addition 
to the wrong design and unsustainable activities.                                              
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While the suggested solutions which may lead to sustainable activities of 
water harvesting techniques adoption in the study area according to results 
of analysis, local inhabitants have their own proposals for the development 
of the study area.                                                                                                
The majority of the respondents believe that the existing problems would be 
solved through the following approaches and procedures:                          
•Active administration and financial system                                                      
•Good design of structures and construction                                                     
•Better training for students and extension personal 
•Greater awareness of decision-makers 
•More specialization studies and applied research 
•Better documentation of projects 
•Better cooperation and coordination system between projects under 
implementation. 
•Legislative and regulative procedures                                       
•In addition agreement and participation between beneficiaries, owners and 
donors.                                                                                                              
The above suggestions were stated that the adoption of sustainable 
techniques of water harvesting would meet the requirements of local 
inhabitants and mitigate the negative consequences of drought and 
desertification. These suggestions are in agreement with the researcher and 
his observations.           
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5.2 Vegetation and Soil Measurements                                                          
5-2-1 Plant Composition:                                                                                  
Results of data collection during the period of research practices and 
measurements showed slight variation in the total plant composition among 
the sites, in addition to that observed in plant and forage compositions quite 
as elaborated in this result. According to mean values conducted as seen in 
Table (4-44) there were no differences appeared. This result may be 
attributed to variation in precipitation as main factor which affect plant 
composition. Also severe grazing pressure in areas nearby and around water 
points affects plant composition. Stoddart et al (1975) concluded that 
concentrating grazing pressure influences plant composition, this is in 
agreement with researcher observations.                    
5-2-2 Plant Density:                                                                                          
There was a wide similarities over the five sites in plant densities (Table 
4.44). They ranged between  36 % and 45 %  , desirable species such as ; 
Dactyloctenium , Echinochloa , Aristida , Cenchrus , --- etc were found in 
densities ranged between ( 64 % and 79 % ) , while undesirable species such 
as Solanum dubium , Cassia senna , Ocimum basilium , Acantha spermum , 
Calotrophis procera ,--- etc were found in high densities ranged between  
(21 % and 34 % ) as shown in Table (4-45). According to Strang, (1980) 
over stocking leads to, progressive reduction in biomass production and 
vegetation cover and consequently leads to soil degradation. Moreover, 
observations of the researcher revealed that vegetation around dams and 
hafirs was dominated by unpalatable species. This is because of over 
grazing, selective grazing, seeds removal by wind and trampling of the 
young growing seedlings by livestock, therefore some palatable species have 
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disappeared due to selective grazing , and this position may provide good 
chances with suitable conditions for less preferred species to establish in all 
sites , particularly nearby and around water points. Fig: (11).                                               
5-2-3 Vegetation Cover:                                                                                   
In this study it was found that vegetation cover over the whole study area 
(selected sites) was low due to overstocking, selective grazing and soil type 
Table (4-44). Respective mean values of vegetation cover  for all five sites 
were ; 44.8 , 36 , 43.8 , 39.3 and 40.5 respectively , but for untreated plots  
(control ) were ; 3.3 ,3.0 , 3.5 , 3.1 and 4.6. There was no observed 
difference seen among the means of all five sites. This result in agreement 
with ( Strang , 1980 ) and ( RPA , 1993 ) who stated that overstocking , 
overgrazing coupled with severe intermittent and prolonged drought further 
exacerbate the problem of vegetation cover and low forage availability  and 
therefore , poor animal production . On the other hand leading to progressive 
reduction in biomass production and ultimately plant cover, particularly in 
the arid and semi-arid areas it leads to soil degradation.                
5-2-4 the Ground Cover:                                                                                 
As shown in Table (4-44) the averages of ground cover for the five selected 
sites in the area of the study were low , which ranged between (39 % and 
47.5 % ) , compared to their untreated areas as controls , averages were 
ranged from ( 2 % to 5.1 % ) . Also there was a noticeable difference among 
the means of quadrates measurements of the five selected sites and their 
untreated areas as control, Table (4-50) and Fig (13). The highest 
percentages were seen in Elobeid dam 85 %, Elain dam 72.5 % and 
Elgenainya fula 63.8 % respectively, compared to their untreated areas; 50 
%, 25 % and 70 %, respectively. This result may be attributed to some of 
protection procedures applied in both Elobeid and Elain dams such as 
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providing safeguard in order to provide fresh water supply for Elobeid city, 
while Elgenainya fula reported high percentage of ground cover, but this 
may be referred to Acanthus species domination (unpalatable species), 
therefore animals avoid it, in addition to the disappearing of some palatable 
species due to selective grazing. This result is in agreement with the 
observations of the researcher, whereas the lower percentages were observed 
in Errahad turda 56.3 % and Elayara hafir 35 %, compared to the 
percentages of their untreated areas; 40 % and 80 % respectively. In this 
result the lower percentages in Errahad turda and Elayara hafir are probably 
attributed to high numbers of livestock which were grazing nearby or around 
these watering points, where water is available for drinking. Therefore over 
grazing and selective grazing may occur. So reduction in biomass production 
and plant cover finally leads to soil degradation, (Strang, 1980) and Stoddart 
et al (1975). Untreated areas varied from 40 % to 80 %. This difference may 
be attributed to the variation in precipitation as main factor for ground cover, 
also severe grazing pressure in the area around Errahad turda and it is 
absence nearby Elayara hafir , in addition to soil type.                 
5-2-5 Plant Diversity:                                                                               
 The preferred plant species within the five selected sites in the study area 
were 20 plants Table (4-46) and Fig (11) , which represented and determined 
the plant diversity of the five sites in the area of the study ( Errahad 78.6 % , 
Elain 66.7 % , Elgenainya 69.2 % , Elobeid 64.3 % and Elayara 70 % as 
shown in Table (4-45). While less preferred (unpalatable) 9 plants as shown 
in Table (4-47). Their percentages of occurrence ranged between (20 % to 
36 %.). The most preferred species within all sites include species like 
Dactyloctenium aegyptium , Tribulus terrestris and Cenchrus biflorus , but 
the majority of the other remaining species appeared in certain sites and 
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disappeared in others Table ( 4-46). On the other hand, the less preferred 
plants species were; Solanum dubium , Cassia senna , Ocimum basilicum 
and Acantha spermum occurred in a wide spreading in the area , however the 
remaining species were found in less amounts and slight occurrence within 
five selected sites Table (4-47). These findings were in line with EL.Hag et 
al. (2003) who found that there was a progressive increase of less preferred 
plants and invaders in rangelands of Kordofan Region. 
 
5-3 Soil Moisture Content:-                                                                             
Table (4-51) and Fig (14 ) show the distribution of soil moisture in five 
different selected sites , the percentage of soil moisture conserved in the two 
levels of depth ( 30 cm and 60 cm ). The measured soil moisture content for 
the whole sites mentioned before ( Errahad , Elain , Elgenainya , Elobeid 
and Elayara ) ranged from 18 % to 43.8 % at depth 30 cm compared to their 
mean of total and the control 28.5 % and 13.4 % respectively. While for the 
depth 60 cm, for the same sites ranged between, (30 % to 55.5 %), compared 
to their mean of total and the control 42.6 % and 24.6 % respectively. There 
appeared clear differences among the means of soil moisture for both depths 
(30 cm and 60 cm), compared to untreated areas as controls. However, 
statistical analysis showed that there was no clear difference between sites. It 
is evident that the site 4 (Elobeid dam) was the best one, followed by 
Errahad turda. This result may be attributed to the higher amounts of 
collecting water and protection process from evaporation by using fencing 
trees, in addition to continuous water supply from storage water in Elain 
dam.                               
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6. CONCLUTION AND RECOMMENDATIONS 
6.1 Conclusions:-                                                               
Based on the results obtained and with regard to the 
implementation of water harvesting and spreading techniques it can be 
concluded that:-                                                                                       
• The integrated watershed development approach should be 
followed; this refers to the optimum development and management 
of the natural resources within the watershed to achieve higher 
sustainable agricultural and animal production without any 
sociological or ecological imbalances. This approach is based on 
community based watershed management and the conjunctive use 
of surface and groundwater. Community based watershed is in line 
with the  Vision of Water for Food and Rural Development and 
Natural Resources Conservation recognizing that water harvesting 
is a socially attractive alternative to large construction providing 
opportunities for the decentralization of community based 
management of water resources. Concrete action has to start at 
watershed level with participation of the communities. 
• Rainwater harvesting techniques represent a major innovation in 
the concept of water resources development. In  large areas of the 
world, crop yields remain low and crop failures are frequent as a 
result of low and irregular rainfall. While population still continues 
to increase, expansion of irrigated areas is significantly slowing 
down. In order to increase food production by 50% around the year 
2030, other options to improve the water supply to crops, human 
and animals should be explored. 
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• Rainwater harvesting can provide an effective means to alleviate 
poverty of which water shortage is often the primary cause 
particularly in many arid and semi-arid areas, where people have 
little access to water from river or groundwater sources. Also water 
harvesting enable people to get a clean, reliable and cheap water 
source using simple techniques at a household level for domestic 
use and irrigation, resulting in raised agricultural production and an 
overall improvement in people’s lives. 
• The results give a good indication of the merit of using the WH 
techniques to gain high crop production, even when rainfall was 
lower than the average, which means that the farmer could escape 
crop failure by adopting these techniques. A comprehensive action 
programme is needed to create an enabling environment, to select 
the most appropriate geographical areas, to prepare guidelines and 
to make information available to technicians and to improve 
human capacity for the implementation of WH programmes 
particularly in rural areas. 
• Rainwater harvesting structures capture runoff from a large area 
and concentrate the water on a smaller cultivated area and be 
designed in such away that sufficient water is collected for optimal 
yield. Surface water supply and available water storage under WH 
techniques, such as chiseling treatments of gardud soil with 
appropriate distance contour, were markedly increased and 
provided adequate plant stand and growth to support crop yield. 
This is attributed to the fact that, as severity of drought is reduced, 
plant growth is improved and the probability of plants reaching 
maturity was increased. 
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• WH techniques had significantly greater impact on agricultural 
production ( 97.6 %), pasture improvement ( 83.1%), forest 
regeneration ( 92.8 %), food and water security ( 86.7%), livestock 
and agriculture insurance ( 96.4%), improving socioeconomic 
status for the local people ( 96.4%), natural resources conservation 
( 95.2%), reducing the causes of land degradation and 
desertification and their negative impacts (85.6%), rural areas 
development (86.7%) and ultimately environmental settlement 
(91.5%).Crop yield stability and population settlement. Water 
harvesting is a powerful technique in the dry periods. It also has 
the same effect during the flood period. It can be used to divert 
such a huge amount of water to where it can be better utilized, and 
to avoid it is adverse effect 
• Rainwater harvesting has the advantages of requiring no water 
conveyance, low input for its exploitation and simple construction 
and management techniques. This makes it ideal for scattered 
communities in developing countries. Moreover WH is an 
alternative water supply supplement to traditional or improved 
water sources because it relives the burden of water collection by 
bringing it closer to the home and lowers the pressure on finite 
groundwater sources, therefore it considered as environmentally 
friendly. 
• New ideas involving the control and regulation of precipitation to 
meet the crop demand proved to be promising. It is expected that 
WH will play an increasingly important role in enhancing food 
production in areas of rain-fed agriculture in the future, especially 
in the dry areas. On the other hand, environmental impact 
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assessment is very important in order to measure the positive and 
negative impact of the project, the following can be considered 
when carrying out the assessment:- (1) purpose and physical 
characteristics of the project. (2) land use requirements and other 
environmental and physical features. (3) operational feature of the 
project, also there are certain important steps to develop a certain 
site through application of certain WH methods for particular 
schemes whether it is water supply for drinking purposes or 
agricultural purposes, these steps are; site selection , hydrology , 
soil investigations , topographical survey , socioeconomic studies. 
Therefore main site alternatives and WH types considered and 
reasons for final choice. 
• Water harvesting techniques has contributed in improving some 
socioeconomic aspects of the population of that area, through 
providing water supply for drinking and irrigation, contribute to 
food security, safe time and effort for farmers and pastoralists, 
converting gardud or compacted soils to productive one by 
improving soil physical properties, stability of local community, 
increasing livestock productivity by providing fodder for animals , 
stopping or reducing water erosion, increasing soil water content 
by enhancing infiltration rate, providing forest products and 
improvement of microclimate conditions. 
• It is important to develop state-wide plan for agricultural and 
rangeland development, environmental settlement and crops, 
livestock production improvement. Also water sources should be 
improved through dams, hafirs and digging water wells in the 
grazing areas with water point’s well distribution. On the other 
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hand, land use system should be regulated and the natural 
resources should be conserved and protected, prescribed burning 
(fire lines construction) helps against crown fire in accident 
burning. In addition to reseeding process around water points 
which characterized as degraded lands should be made by the 
native and imported pastures plants. Aristida sp. ( Gaw), 
Eragrostis termula (Banu), Cenchrus biflorus (Huskneet), Zornia 
glochidiata (Lisseg) , Crotalariat pycnosthya (Tagtaga), 
Fimbristylis dichtomo (Fisysat) are good range plants for 
reseeding. 
• The level of participation of local community in activities of WH 
techniques projects is good and this reflects the potentiality of the 
programme in mobilizing the local community for the adoption of 
the different activities, therefore a comprehensive study has to be 
made to explore and find out evidence initiatives and enthusiasm 
contribution of the communities in various scheme activities 
starting from planning through implementation to monitoring and 
evaluation processes. Also the study is required to consider the 
major effects on the population whatever it is positive or negative. 
• The main constraints, problems and measures of risks confronting 
the adoption of water harvesting techniques for sustainable 
development in the area of the study are:- desert encouragement in 
the northern parts of the State , land degradation, lack of financial, 
mismanagement, absence of adequate studies and update 
information, weakness of coordination and maintenance 
operations, absence of active extension programmes and well 
training . In addition to the absence or unstable clear strategy and 
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policy for the development of small-scale WH, at both local level 
and national levels. 
• Expectations are high but not unrealistic and it is believed that the 
implementation of water harvesting techniques on a large scale 
could result in a second green revolution that might be more 
sustainable than the first green revolution. Generally the effects of 
Water Harvesting Techniques ( WHT) are positive on all aspects of 
life considered by this study such as improving rangelands, 
agricultural production, forest  afforestation and reforestation, food 
and water security, natural disasters management ( floods ) and 
socioeconomic status ( monetary benefits to local people). 
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6.2 Recommendations:-                                                                                  
  
*Establishment of a national hydrometric networks with wide coverage of 
the major wadis in particular the shared ones. The targeted number is 100 
stations.                                                                                      
* Development and adoption of other methods for wadis discharge 
measurement (rainfall and runoff relation).                                                     
* Strengthening of the Groundwater and Wadis Administration (GWWA), 
information and departmental reports, through allocation of budgets, 
training, and provision of work facilities and enhancement of the working 
environment.                                                                                                     
* Close supervision for proper execution of optimal designs. 
* Protection and conservation of the catchments areas and wadi courses from 
pollution, evaporation and sand encouragement. 
* Conducting socioeconomic studies for environmental impact assessment, 
land use requirements and purposes of use, soil investigations, and form of 
management and operational feature of the project. 
* Enforcement of the ideal legislations and establishment of supporting local 
orders. 
* Research and development into Rainwater Harvesting Practices could 
create many new ideas and methodologies for water resources. planning, 
Evaluation and Utilization, and could even result in the evaluation of a new 
and independent branch of water science. 
* Chisel system and appropriate contour disking distance can provide 
suitable dry land soil and water management tools for cultivation of sandy-
clay soils (gardud land) of North Kordofan State particularly and western 
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Sudan in general to be utilized as production alternative to poor sand soil in 
both yield and economic grounds. 
* Range, agricultural and forest lands should be improved in both quality 
and quantity of their products. Also trees fencing, windbreak ,shelterbelts 
and grazing regulation should be established , beside development of 
agricultural activities on a large-scale are among the main suggestion for the 
improvement of the general conditions in the study area in particularly and 
overall dry lands in general. 
* Reseeding processes of good range plants, supplementary feeding 
programmes, irrigated forage production should be introduced as far as 
possible. Also an efficient system of marketing for agricultural and animal 
production and their other products should be established to ensure effective 
operations during both production and drought periods. 
* Extension programmes, applied research’s results, basic needs services 
sector and an infrastructure should be activated and considered. 
* Governmental extension commitment to deliver the necessary inputs that 
greater process of rural development and new techniques adoption should be 
implemented and given more attention for the healthy procedures, 
agricultural supervision, good education and well training. 
* More research work is needed in the field of macrocatchment and      
microcatchment water harvesting techniques and structures besides breeding   
early maturing drought resistant varieties and high technical hydraulic 
designs to solve water problems in Western Sudan.                                     
        
 
 
 
 152
 
7. REFERENCES 
 
Abdallah.M.B., (2007). Water Harvesting in Sudan, proceeding in water 
harvesting conference held in Collaboration with Sudanese 
Agricultural Council and Ministry of Irrigation and Water Sources, 
Friendship Hall, December 2007, Khartoum- Sudan.                 
Abu Suwar, A.O. ( 2007 ). Range Management, University of Khartoum 
printing press.                                                                             
Abu Suwar, A.O. ( 1986 ). Land imprinter as an effective tool for arid 
rangeland revegetation. Ph.D. Thesis, University of Arizona, 
Tucson,Az USA.                                                                         
Abulelgasim, E.H. (2003). Proposal for the Release of New Sorghum 
Cultivar for Westren Sudan. Variety Release Committee, the 
Agricultural Research Corporation, Wad Medani, Sudan.                                   
Ahmadi, A.B. and Osman, A.K. ( 1986 ). Appraisal for the Release of a 
New Groundnut Cultivar for Western Sudan. Variety Release 
Committee, the Agricultural Research Corporation, Wad Medani, 
Sudan.                                                                                        
Ahmed, A.A., and Eldaw, A.K., (2003). Rainwater Harvesting in Arid and 
Semi-Arid Zones With Reference to Sudan Experience, proceeding in 
water harvesting and the future of development in Sudan, conference 
,Water Harvesting for Food Security and Sustainable Development, 
UNESCO Chair in Water Resources under the Patronage of H.E. The 
 153
President of Sudan, 19-20 August 2003,Friendship Hall, 
Khartoum,Sudan.                                             
Alfadni, O.A. (1998-2000).Supplementary Irrigation in Khor Abu-Habil 
Basin, North Kordofan. Annual Scientific Report, Elobeid 
Agricultural Research Station, Sudan.                                     
Alfadni, O.A. (2000). Improvement of Sorghum Production In the Degraded 
Gardud Soils of North Kordofan Using Water Harvesting, Land and 
Water Research Centre Annual Reports, Agricultural Research 
Corporation, Wad Medani, Sudan.                                          
Ayoub, A.T. (1998). Extent, severity and causative factors of land 
degradation in the Sudan. Journal of arid Environments 38,397-409 
Ballal, M.E. (2000). Review of Research Activities in Elain National Forest 
Management, North Kordofan. Special Assignment Report submitted 
to SOS-Sahel International, UK.                       
Ben Asher, J., Oron, G. and Button, B., (1985). Estimates of runoff volume 
for agriculture in arid lands. Jacob Blaustein Institute for Desert 
Research. Ben Gurion University of Negev.              
Boers, T.M. and Ben Asher, J. (1982). A review of water harvesting. 
Agricultural water management 5: 145-158.                  
Bonvallot, J. (1986). Water harvesting for plant production, cited by Reij, 
C.,Paul Mulder and Louis Begemann (1988). World Bank Technical 
Paper No. 91. The World Bank, Washington, D.C.         
 154
Burins, H.J., Evanari, M. and Nessler, U. (1986). Rainwater harvesting for 
food production in arid zones: The challenge of the African famine. 
Applied Geography 6: 13-32.                              
Critchley, W. and Siegert, K. 1991. Water Harvesting- A Manual for the 
Design and Conservation of Water Harvesting Schemes for Crop 
Production. FAO, Rome.                                                     
Critchley,W.R.S. (1987). Some lessons from water harvesting in Sub-
Saharan Africa. Workshop held in Baringo,Kenya. 13-17 October 
1986.                                                                                      
Darag, A. and Suliman, M. (1988). Training courses in range management 
and pasture improvement. Range and Pasture Administration 
Khartoum, Sudan .PP 45.                                    
Darrag, A. (1984). Drought, Desertification and Desert Encroachment in 
Kordofan and Dar fur Regions. Report on findings of the FAO\ WFP 
and Sudan Government Officials Fact Finding Mission, 26-29 January 
1984, (Mimo), 19 pp.  
DECARP, (1976). Sudan Desert Encroachment Control and Rehabilitation 
Programme.                                         
El Amami, S. (1983). Water harvesting for plant production, Cited by Reij, 
C., Paul Mulder and Louis Begemann. World Bank. Technical Paper. 
No. 91. The World Bank, Washington, D.C.           
EL Huri, A.A. (1986). Some aspects of dry land afforestation in the Sudan 
with special reference to Acacia tortilis ( Forsk. ) Hayne, A. Senegal 
 155
Willd. And Prosopis chilensis ( Molina ) Stuntz. Forest Ecology 
Management 16, 209-221.                                                   
El Tahir, B.A.; Madibo, G.M.; Elwakeel, A.S. and Elhag, F.M. (2003). 
Influence of Acacia Senegal , Acacia seyal and Acacia tortilis, on 
some physical and chemical characteristics of sandy soils in North 
Kordofan Sudan. University of Khartoum Journal of Agricultural 
Sciences (in press).                                                               
El Wakeel, A.S. (1994). Annual Scientific Reports. Elobeid Agricultural 
Research Station, Elobeid, Sudan.                                     
El Wakeel, A.S.and Abu Sabah, M.A. (1993). Relevance of mobility to 
rangeland utilization: The Baggara transhumant of South Kordofan 
.Nomadic Peoples 32, 33-38.                                             
Elawad, H.O. (1998). The current status of cowpeas and pigeon peas 
research in North Kordofan . Paper presented at the Monthly 
Colloquim at the Ministry of Agriculture and Foresty, Khartoum, 
Sudan.                                                                                                   
Elgailani, A.A. and Ahmadi, A.B. (1997). Proposal for the New Groundnut 
Cultivar for the Sandy Rainfed Areas of Western Sudan. The variety 
Release Committee, the Agricultural Research Corporation ( ARC ), 
Wad Medani, Sudan.                                                                 
El-Hag, F.M. (1992). The effect of chopping and wilting on tropical 
grasslands silage quality in South Kordofan, Sudan. African Livestock 
Research 1,11-15.                                                    
 156
El-Hag, F.M., A.A. Khatir, H.O. Ahmed, and M.S. Hamid (2003). 
Livestock feeding system and opportunities in NKRDP area, ARC- El 
Obeid Research Station. A special assignment report done for 
NKRDP- IFAD.                                                                      
Evenari, M., Shanan, L. and Tadmor, N.H. (1971). The Negev, The 
challenge of a desert, Harvard University Press, Cambridge, Mass. 
Fadul, K.M. (1999). Growth and Yield of some Agricultural crops under 
Alley Cropping in Acacia Senegal (L.) Wild on Sandy soils. M.Sc. 
Thesis, Faculty of Forestry University of Khartoum, Sudan. 
FAO (1996). Water and food security. WORLD FOOD SUMMIT, Rome, 
13-17 November 1996.htt:\\ www.fao.org or gopher.fao.org. 
FAO (2000). A Land Resources Potential and Constraints at Regional and 
Country level World Soil Resources Report90,FAO,Rome 
FAO (2002). Water: Precious and finite resource. Web site of our Water 
Resources, Development and Management Service.         
FAO (2002.a). The State of Food Insecurity in the World, 2002, FAO, 
Rome                                                                           
FAO (2002.b). World Agriculture towards 2015\2030.2002.FAO.Rome         
FAO (2003). Raising water productivity. magazine: home\ spotlight\archive 
guide: site map. http:\\ www.fao.org\ag\magazine\0303sp2.htm 
FAO (2003). Unlocking the water Potential of Agriculture,2003,FAO,Rome 
 157
FAO, (1985). Monitoring and Evaluation of Participatory Forestry Projects. 
FAO forestry paper (60), Rome.                                    
French, N., and Hussain, J., (1964). Water Spreading Manual, Pakistan 
Range Impr. Scheme, Lahore, Pakistan                       
Garica, V.R. ( 1981 ). Drought and man. The 1974. Case history: nature 
pleads not guilty. Vol. 1 Pergaman.             
Gerston, J., (2003). Rainwater harvesting: A New Water Sources. “ Web 
site: htt:\twri.edu.\twripubs\WtrSavrs\v3n2\article-1.html. 
Gilbertson, O. (1986). Runoff farming in rural lands: Theme, volume; 
Applied Geography.                                    
Hag El Tahir, I.E., (1996). The suitability of Five Tree Species and One 
Grass for the Sudanese Arid Conditions. M.Sc in Forestry. Faculty of 
Forestry, Khartoum University.  
Heady. (1958). Agriculture in the Sudan, his Book.                            
Harrison, M.N. and Jackson, K. (1958).Ecological Classification of the 
Vegetation of the Sudan. Forests Bulletin, No.2 (new series), 
Agricultural Publications Committee, Khartoum, Sudan.      
HTS. (1958). Jebel Marra investigations. Report in Phase 1 studies.                
Hulugalle, N.R., Koning, J. and Malton, P.J. (1990). Effect of rock bunds 
and tied ridges in soil water content and soil properties in the Sudan 
Savannah of Burkina Faso. 67: PP 149-154.               
 158
Ibrahim , F. ( 1984 ). The problem of overstocking and ecological 
degradation in the Republic of the Sudan. Sudan Journal of 
Desertification ,, AlTasahur ,, 2,12-20.         
IFAD (2004). South Kordofan Range Management Strategy Study and Khor 
Abu Habil Catchments Basin Planning and Water Development 
Study. YAM Consultancy& Development Co.Ltd. In association with 
LAWGIBB Group Member. Khartoum-Sudan& Nairobi-Kenya, Final 
report, 2004.                                                            
      IIED and IES. ( 1989 ). Gum Arabic Rehabilitation in Republic of the     
Sudan. International Institute for Environment and Development ( 
IIED ), London.                                                                                     
ILO.(1999).The effects of the projects components on the environment. El 
Fasher and El Obeid Districts, Darfur and Northern Kordufan. 
International Water and Sanitation Centre (ICR)(1992),Water Harvesting: A 
Guide for planners and project Managers, Technical Report. 
ITDG, Sudan. (1998). Studying the possibility of making use of Wadis 
water in selected areas in Northern Darfur. Sudan. December, 1998. 
 ITDG, Sudan. (2001). Water harvesting for food security. North Darfur 
State, July 30th 2001.                                    
Jerry, L., Holechok, Rex. D. (1989). Range Management Principal and 
Practices. Prentice Hall. Inc. England cliff, New Jersey. 
 159
Kolarkar, A.S., Murthy, K.N.K. and Singh, N. (1983). Khadin. A method 
of harvesting water for agriculture in the Thar Desert. Journal of Arid 
Environments, 6, PP 59-66, London.  
Kordofan Special Fund Project, (1962-1965).                    
Kurdi, O.I. (1990). Annual Scientific Reports. El Obeid Agricultural 
Research Station, El Obeid, Sudan.                            
Lal, R. (1986). Soil management to increase water and fertilizer efficiency 
in semi-arid regions. In: Proceeding of an Advisory Group Meeting, 
Bombey, Senegal, Joint FAO,TAEA, Vienna.                          
Madibo, G.M., 1989. Characterization of three soils from north Kordofan 
(unpublished data). Elobeid research station. Elobeid. Sudan.      
Matlock, W.G. and Dutt, G.R. (1986). A primer on water harvesting and 
runoff farming. College of Agriculture, University of Arizona. 
Irrigation and Water Management Institute.                         
Maxwell, T.J. (1991). Diagnosis and improved methods of range Utilization 
System, In Proceeding of Fourth International Rangeland Congress. 
(1991) P1147 Montpieller France.                                        
Ministry of agriculture and animal wealth and irrigation, (2003). Annual 
report, El Obeid.                                                                  
Ministry of agriculture and animal wealth and irrigation, (2005).Annual 
report, El Obeid.                                                                 
 160
Mohamed, A.A. (2000). Water harvesting for crop production. Ph .D, 
Thesis, University of Khartoum.                                        
Mukhtar, H.K. (1994). Annual Scientific Reports. El Obeid Agricultural 
Research Station, El Obeid, Sudan.                                   
NAS. (1974).More water for arid lands. Promising Technology and  
Research Opportunities. Report on of ad hoc Panel of the Advisory 
Committee on Technology Innovation. National Academy of 
Sciences, Washington, D.C.                                                 
Olsson, L., (1983). Desertification or Climate? Investigation Regarding the 
relationship between Land Degradation and Climate in the Central 
Sudan. Land Studies in Geography, SER.A, No.60, 36 p       
Omer, M.A. and El Amin, T.M. (1996).Effect of in-situ water harvesting 
and contour buding on yield of sorghum in marginal lands. U. of K. J. 
Agric. Sci. 4(1)., PP 14-31                                                                 
Omer, M.A., and Elamin, E.M., (1997). Effect of tillage and contour diking 
on sorghum establishment and Yeild on sandy clay soil in Sudan. 
Soil& Tillage Research 43 (1997) 229-240. Agricultural Research 
Corporation, Elobeid Research Station, Elobeid, Sudan 
Omer, M.A.; El Tahir, B.A. and Ballal, M.E. 1992. Sand dune Fixation: 
Performance of some Over-story and Under-story Species in Bara 
Area, North Kordofan, Sudan. Annual Scientific Report, El Obeid 
Agricultural Research Station, El Obeid, Sudan.                         
 161
Omer, M.A.; El Tahir. B.A. and Ballal, M.E. (1994). Influence of Different 
Micro-catchment‘s Techniques on Survival and Growth of some 
Indigenous Tree Species on Gardud Soils. Annual Scientific Report. 
Elobeid Research Station, Sudan.                                             
Omer, M.A.; El Tahir. B.A. and Ballal, M.E. and Korak, A.M. (1996). 
Response of Acacia sensgal for Post-rainy Season, Irrigation and 
Grass Mulch in Sandy Soils in North Kordofan. Annual Scientific 
Report. Elobeid Agricultural Research Station, Sudan              
Oweis,T., Prinz, D., and Hachum, A., (2001) ,Water harvesting – Indigenous 
Knowledge for the Future of the Drier Environment, International 
Center for Agricultural Research in the Dry areas (ICARDA), Aleppo, 
Syria.                                              
Pacey, A. (1983). The culture of technology. Oxford: Basil Blackwell.           
Proud, K.S.; 1988. Report on soil and water conservation techniques and 
improving survival ( consultancy report ). UNDP, Khartoum. 
Reij, C., Turner, S.D. and Kuhman, T. (1986). Soil and water conservation 
in Sub-Saharan Africa: Issues and options, IFAD, Rome\CDCS, 
Amsterdam.                                                       
Reij,C., Mulder, H.P. and Begemanna, L. (1988). Water harvesting for plant 
production. World Bank, Technical Paper No. 91. Washington. 
RPA, (1993).Range and Pasture Administration. Annual report. Ministry of 
agriculture and animal wealth. South Darfur (Sudan).             
 162
RPA, (2004). Range and pasture administration Technical report 2004.          
 Seif el Din, A.G. (1981). ). Agro forestry practices in the dry  regions. P 
419- 434. In: Buck, L; Huxley , P , Owino , F .and Ngugi, D . ( eds. ). 
Proceedings of Kenya National Seminar on Agro forestry. ICRAF and 
University of Nairobi, Nairobi , Kenya          
 Seif el Din, A.G. and Zarrog, M. (1996). Production and  commercialization 
of gum Arabic in the Sudan. In: Non-wood Forest Products, by 
Leakey , R.R.B. ; Temu, A.B and Melnky, M. ,Vantomme ,P, ( eds. ) , 
FAO Forestry Department.                 
Shanan, L. and Tadmor, N.H. (1979). Microcatchment systems for arid 
zones development: A handbook for design and construction.Hebrew 
University, Jerusalem.                         
Spore. (1997). More crops with less water. Spore No. 70, P. 5.                       
Stoddart, I.A.,Smith,A.D. and Box, T.W. (1975).Range Management. New 
Yourk: Mc Graw Hill.                                                  
Strang, C.R.N. (1980). African pasture lands Ecology Food and 
Agricultural Organization (FAO) of the UN Rome- Italy.     
Sudan Meteorological Department Report, (1960-1990).                             
Tixier, S. ( 1991). Multiple use of rangeland, Montipieller France 22-26 
Avril.                                                                                          
 163
UCWR (2003). Water Harvesting and the Future of Development in Sudan. 
UNESCO Chair in Water Resources, Conference, August2003, 
Friendship Hall, Khartoum, Sudan.                                            
UNED (1983), “Rain and Storm Water Harvesting in Rural Areas, 
“Technical report.                                                                         
UNEP. (1983). Rain and storm water harvesting in rural areas. Ed. United 
Nations Environmental Programme. Dblin: Tycooly International. 
University of Wisconsin-Eau Claire, USA, Spring (2004).Traditional Water 
Harvesting, htt:\\academic.evergreen.edu\g\grossmaz\ PALMBAJP\ 
Wright, P. (1984). Report on runoff farming and soil conservation in 
Yatenga, Upper Volta ( Burkina Faso). Report to Oxfam, Oxford . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 164
APPENDICES 
Appendix (1): Classification of Water Harvesting Techniques: 
 
 
Water Harvesting Techniques 
 
Micro-Catchment Techniques 
 
Macro-Catchment Techniques 
On-farm System Rooftop System Wadi-bed System 
 
Off-wadi System 
 
Contour Ridges Urban Systems 
Small farms 
Reservoirs 
Water-Spreading 
ContourBench Terraces Rural System 
Wadi-Bed 
Cultivations 
Large Bunds 
SemiCircular/Trapezoidal 
Bunds 
- Jessour Haffir, Tank 
Small Runoff Basins 
 
- - Cistems 
Small pits 
 
- - Hillside Conduits 
Runoff Strips 
 
- - - 
Inter-Row System 
 
- - - 
Meskat 
 
- - - 
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 Appendix (2): Runoff Coefficients for Various Catchments Surfaces: 
Type of Catchments Coefficients 
Roof Catchments Tiles 
Corrugated metal sheets 
0.8-0.9 
0.7-0.9 
Ground surface coverings Concrete 
Bick pavement 
0.6-0.8 
0.5-0.6 
Untreated ground catchments soil on slops less than 10 per cent 
Rocky natural catchments 
0.0-0.3 
0.2-0.5 
Untreated ground catchments soil on slops less than 10 per cent 
Rocky natural catchments 
1.0-0.3 
0.2-0.5 
 
Appendix (3): Food Security Status in North Kordofan State, with the 
Traditional Cultivation and Water Harvesting Techniques 
 
WHT+ reduced tillage Traditional 
Product 
Ton\fed 
Area 
fed 
Product 
(Kg\fed 
4yrs 
average) 
Deficit 
(Ton) 
Need 
(Ton) 
Product 
(Kg\fed) 
Prod 
Ton 
Area 
(fed) 
Year 
50000 100000 500 35000 49000 28 14000 491 1998 
   44000 55000 18 11000 595 1999 
   29000 55000 28 26000 418 2000 
   37000 60000 34 23000 670 2001 
 
       Source: (Elfadni, 2003) 
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Appendix (4): Comparison of Productivity (tone per feddan) in Gardud 
lands by using Chisel tillage technique and Traditional Cultivation 
(season 2005-2006). 
Productivity (Tone per feddan) 
Sesame groundnut Millet sorghum 
Technique 
used 
0.18 0.3 0.35 0.73 Chisel tillage 
0.34 0.178 0.04 0.06 Traditional 
cultivation 
 
Source: Agricultural Survey (2005) and Agricultural Machinery Unit for 
Food Security, North Kordofan State 
 
Appendix (5): Cultivated area (fed), Production (ton) and Productivity 
(ton per feddan) by Using Water Harvesting Techniques in Gardud 
Soils, North Kordofan State. (Seasons: 2003-2007). 
 
Sesame Millet Sorghum 
prodv prod Area prodv prod area Prodv Prod Area 
Season 
0.13 49.3 370 0.4 192 480 0.55 0.784 1.439 2003-2004 
0.18 528 2.970 0.4 1.584 3.960 0.73 8.640 11.880 2004-2005 
0.18 930 5.234 0.35 2.440 6.970 0.73 15.225 20.935 2005-2006 
0.20 1103 5.517 0.45 3.310 7.356 0.82 18.056 22.069 2006-2007 
 
Source: Agricultural Survey (2005) and Agricultural Machinery Unit for 
Food Security, North Kordofan State 
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 ﺑﺴﻢ اﷲ اﻟﺮﺣﻤﻦ اﻟﺮﺣﻴﻢ 
    آﻠﻴﺔ اﻟﺪراﺳﺎت اﻟﻌﻠﻴﺎ– ﺟﺎﻣﻌﺔ اﻟﺨﺮﻃﻮم
  ﻣﻌﻬﺪ دراﺳﺎت اﻟﺘﺼﺤﺮ واﺳﺘﺰراع اﻟﺼﺤﺮاء 
  (7002\6002) ﻣﺸﺮوع اﻟﺒﺤﺚ اﻟﺘﻜﻤﻴﻠﻰ ﻟﻨﻴﻞ درﺟﺔ اﻟﻤﺎﺟﺴﺘﻴﺮﻓﻰ ﻋﻠﻮم اﻟﺘﺼﺤﺮ 
اﻟﺒﻴﺌѧﻰ  ﺣﺼﺎد وﻧﺜﺮ اﻟﻤﻴﺎﻩ ﻋﻠﻰ اﻟﺘﻨﻤﻴﺔ اﻟﺰراﻋﻴﺔ واﻻﺳﺘﻘﺮار  ﺗﺒﻨﻲ وﺗﻄﺒﻴﻖ ﺗﻘﻨﻴﺎت اﺳﺘﺒﻴﺎن ﻋﻦ ﺗﻘﻴﻴﻢ أﺛﺮ 
  )6( XIDNEPPA (.وﻻﻳﺔ ﺷﻤﺎل آﺮدﻓﺎن) .ﻓﻰ اﻷراﺿﻰ اﻟﺠﺎﻓﺔ
  اﻟﻘﺮﻳﺔ / اﻟﻤﺪﻳﻨﺔ       اﻟﻌﻤﺮ          اﻻﺳﻢ -1
  اﻟﺤﺎﻟﺔ اﻻﺟﺘﻤﺎﻋﻴﺔ          اﻟﻤﺤﻠﻴﺔ
  اﻟﻤﻬﻨﺔ       اﻟﻤﺴﺘﻮى اﻟﺘﻌﻠﻴﻤﻰ 
  (اﻟﻌﻨﻮان)ﻣﻮﻗﻊ اﻟﻌﻤﻞ 
  -: اﺳﺘﺨﺪام ﺗﻘﻨﻴﺔ ﺣﺼﺎد وﻧﺜﺮ اﻟﻤﻴﺎﻩ ﺑﺎﻟﻤﻨﻄﻘﺔ-2
  ﺣﺪد )       ( أﺧﺮى / ج)      (  ﻏﻴﺮ ﻣﺴﺘﺨﺪم / ب)      (  ﻣﺴﺘﺨﺪم / أ
  
  )        ( اﻟﻤﻮاﻃﻦ اﻟﻤﺤﻠﻰ / ب)      ( اﻟﺤﻜﻮﻣﺔ /  أ-: ﻧﺒﻌﺚ ﻓﻜﺮة إﻧﺸﺎء اﻟﺴﺪود ﻣﻦ-3
  ﺣﺪد )       ( أﺧﺮى / د)       (   اﻻﺛﻨﻴﻦ ﻣﻌﺎ / ج
   )    (ﺟﻬﺪ ﺷﻌﺒﻰ/ ب)      ( ﺣﻜﻮﻣﺔ  /  أ-: اﻟﺠﻬﺔ اﻟﺘﻰ ﺗﻘﻮم ﺑﺪﻓﻊ ﺗﻜﻠﻔﺔ إﻧﺸﺎء اﻟﺴﺪود هﻲ-4
  ﺣﺪد )       ( أﺧﺮى / د)       (    ﻣﺸﺘﺮك / ج
  )   (ﺳﺪود ﺻﻐﻴﺮة / ب)    (  ﺗﺮوس ﺷﻌﺒﻴﺔ وﺣﻔﺎﺋﺮ /  أ-: ﻧﻮع وﻧﻈﺎم ﺣﺼﺎد وﻧﺜﺮ اﻟﻤﻴﺎﻩ-5
  ﺣﺪد )       ( أﺧﺮى / د)      ( ﺧﺰاﻧﺎت آﺒﻴﺮة / ج
  
  : اﺳﻢ اﻟﺨﺰان أو اﻟﺴﺪ-6
  )     (ﻣﺤﺎﺻﻴﻞ ﺑﺴﺘﺎﻧﻴﺔ / ب )      ( ﻣﺤﺎﺻﻴﻞ ﺣﻘﻠﻴﺔ/  أ-: ﺗﺴﺘﺨﺪم اﻟﻤﻴﺎﻩ اﻟﻤﺤﺼﻮدة ﻟﺮي-7
  )      (.زراﻋﺎت ﻏﺎﺑﻴﺔ / ج)      ( أﻋﻼف / ج
  ﺣﺪد)        ( أﺧﺮى / د
  )        (ﺷﻌﺒﻴﺔ / ب)       ( ﺣﻜﻮﻣﻴﺔ /  أ-: ﻧﻈﺎم ﻣﻠﻜﻴﺔ اﻷرض ﻓﻰ أﻣﺎآﻦ ﻗﻴﺎم اﻟﺴﺪود-8
  )         (ﺷﻴﻮخ اﻟﻘﺮى / ج
)       ( ﺑﺎﺳﺘѧﺸﺎرة إدارة اﻟﻐﺎﺑѧﺎت / ب)      ( اﻟﻤѧﺰارع ﺑﺤﺮﻳﺔ /  أ-: ﻧﻈﺎم اﻟﺰراﻋﺔ ﺣﻮل هﺬﻩ اﻟﺴﺪود -9
  ﺣﺪد )     ( أﺧﺮى / د)      ( ﺑﺄذن اﻟﺸﻴﺦ / ج
  
  /  أ-: ﻣﺎ هﻰ أهﻢ اﻟﻤﺤﺼﻮﻻت اﻻﻗﺘﺼﺎدﻳﺔ اﻟﺘﻰ ﺗﺰرع ﺑﻤﻨﻄﻘﺔ اﻟﺴﺪ-01
  /           هـ    /           د      /     ج      -ب
  )        (زراﻋﻴﺔ / ب)      ( ﻮﻳﺔ وﻏﺎﺑﻴﺔ رﻋ/  أ-:اﻟﻤﻨﺎﻃﻖ اﻟﺘﻰ ﺑﻬﺎ هﺬﻩ اﻟﺘﻘﻨﻴﺎت هﻲ/ 11
  )          (.ﺳﻜﻨﻴﺔ / د)        (  ﺟﺒﻠﻴﺔ / ج
  )       (ﻣﺘﻮﺳﻂ  / ب)       ( أﻏﻠﺒﻴﺔ /  أ-: ﻋﺪد اﻟﺴﻜﺎن اﻟﻤﺴﺘﻔﻴﺪﻳﻦ ﻣﻦ هﺬﻩ اﻟﺘﻘﻨﻴﺎت هﻲ-21
  )         (أﻗﻠﻴﺔ / ج
  )         (ﺳﻠﺘﻴﺔ / ج    ( )     رﻣﻠﻴﺔ / ب)        ( ﻃﻴﻨﻴﺔ /  أ-: ﻧﻮع اﻟﺘﺮﺑﺔ ﻣﺤﻞ اﻟﺴﺪود-31
  ﺣﺪد)         (  أﺧﺮى / د
  )     (ﻣﺘﻮﺳﻂ / ب)      ( ﺷﺪﻳﺪ /  أ-: ﻣﺴﺘﻮى اﻧﺤﺪار اﻷرض ﻓﻰ ﻣﻨﻄﻘﺔ اﻟﺴﺪود-41
  )        (ﺧﻔﻴﻒ / ج
861 
  )             ( ﻣﺘﻮﺳﻂ / ب)         ( آﺜﻴﻒ /  أ-: اﻟﻐﻄﺎء اﻟﻨﺒﺎﺗﻰ ﺣﻮل اﻟﺴﺪود واﻟﺨﺰاﻧﺎت-51
  )           (.ﻻ ﺗﻮﺟﺪ / د)         ( ﺧﻔﻴﻒ / ج
  /  أ-: أﻧﺴﺐ أﻧﻮاع اﻷﺷﺠﺎر اﻟﺘﻰ ﺗﺮاهﺎ ﻣﻨﺎﺳﺒﺔ آﺴﻴﺎج ﻟﺤﻤﺎﻳﺔ اﻟﺴﺪود-61
  /هـ      / د      / ج      / ب
  )          (أﻏﻨﺎم /  أ-: أﻧﻮاع اﻟﺤﻴﻮاﻧﺎت اﻟﺘﻰ ﺗﺮﺑﻰ ﻓﻰ وﺣﻮل ﻣﻨﺎﻃﻖ اﻟﺴﺪود-71
  ﺣﺪد     ( )     أﺧﺮى / د)          (   أﺑﻞ / ج)           (  أﺑﻘﺎر  / ب
  )        (ﻧﻌﻢ /  هﻞ ﺗﻮﺟﺪ اﻣﺎآﻦ ﻣﻨﻔﺼﻠﺔ ﻣﺨﺼﺼﺔ ﻟﺸﺮب اﻟﺤﻴﻮاﻧﺎت اﻟﺮﻋﻮﻳﺔ؟ أ-81
  )             (ﻻ / ب
  /  أ-: اﻧﻮاع اﻟﺤﺸﺎﺋﺶ واﻷﺷﺠﺎر واﻟﺸﺠﻴﺮات اﻟﺴﺎﺋﺪة ﻓﻰ وﺣﻮل اﻟﺴﺪود-91
  /هـ      /    د    /ج      /ب
  )  (ﺿﺎر ﺑﺎﻟﻤﺮﻋﻰ / ب  ( )  ﻣﺤﺴﻦ ﻟﻠﻤﺮﻋﻰ /  أ-: اﻟﻘﻴﻤﺔ اﻟﺮﻋﻮﻳﺔ ﻟﺤﺼﺎد وﻧﺜﺮ اﻟﻤﻴﺎﻩ-02
  ﺣﺪد)       ( أﺧﺮى / ج
  )     (ﻣﺘﻮﺳﻄﺔ اﻹﻧﺘﺎج/ ب)    ( ﻋﺎﻟﻴﺔ اﻹﻧﺘﺎج / أ-: اﻟﻘﻴﻤﺔ اﻟﺰراﻋﻴﺔ ﻟﺤﺼﺎد وﻧﺜﺮ اﻟﻤﻴﺎﻩ-12
  ﺣﺪد)       ( أﺧﺮى / د  (    )ﺿﻌﻴﻔﺔ اﻹﻧﺘﺎج / ج
  )        (ﻟﻠﺒﻴﺌﺔ ﻣﺪﻣﺮة / ب)       ( ﻣﻔﻴﺪة ﻟﻠﺒﻴﺌﺔ /  أ-:اﻟﻘﻴﻤﺔ اﻟﺒﻴﺌﻴﺔ ﻟﺤﺼﺎد وﻧﺜﺮ اﻟﻤﻴﺎﻩ/ 22
  ﺣﺪد )        ( أﺧﺮى / د)        (  ﺗﺤﻘﻖ ﺻﻴﺎﻧﺔ ﻟﻠﺘﺮﺑﺔ واﻟﻤﻴﺎﻩ / ج
/ ب)     (                       ﺗѧﺴﺎﻋﺪ ﻋﻠѧﻰ ﺻѧﻴﺎﻧﺔ اﻟﻐﺎﺑѧﺎت /  أ -: اﻟﻘﻴﻤﺔ اﻟﻐﺎﺑﻴﺔ ﻟﺤﺼﺎد وﻧﺜѧﺮ اﻟﻤﻴѧﺎﻩ -32
  ﺣﺪد)      ( أﺧﺮى / ج)      ( ﺗﻮﻓﺮأﺣﺰﻣﺔ ﺷﺠﺮﻳﺔ ﺣﻮل اﻟﺴﺪود 
  )    (ﻣﺘﻮﺳﻂ / ب)     ( آﺒﻴﺮ /  أ-:دى ﻟﻠﺮﻋﺎة واﻟﻤﺰارﻋﻴﻦ ﻣﻦ هﺬﻩ اﻟﺘﻘﻨﻴﺎت اﻟﻌﺎﺋﺪ اﻟﻤﺎ-42
  )          (.ﻻ ﺗﻮﺟﺪ / د)       ( ﺿﻌﻴﻒ / ج
/ ﻞ ﺗﺴﺎهﻢ ﺣﺼﺎد وﻧﺜﺮ اﻟﻤﻴﺎﻩ ﻓﻰ ﺗﻮﻓﻴﺮ اﻷﻣѧﻦ اﻟﻐѧﺬاﺋﻰ واﻟﻤѧﺎﺋﻰ واﺳѧﺘﻘﺮار اﻟﻤѧﻮاﻃﻦ ﺑﺎﻟﻤﻨﻄﻘѧﺔ؟ أ  ه -52
  ﺣﺪد اﻟﺸﺮط                )       (  ﻣﺸﺮوط / ج)      ( ﻻ / ب)         ( ﻧﻌﻢ 
  
   هﻠﻰ ﺗﺴﺎهﻢ ﺣﺼﺎد وﻧﺜﺮ اﻟﻤﻴﺎﻩ ﻓﻰ ﺗﻮﻓﻴﺮ اﻷﻋﻼف ﻋﻠﻰ ﻃﻮل اﻟﺴﻨﺔ ﻟﻠﺤﻴﻮان؟-62
  ﺣﺪد اﻟﺸﺮط )      ( ﻣﺸﺮوط / ج)      ( ﻻ / ب)     ( ﻧﻌﻢ /  أ
  )           (ﻻ / ب)        ( ﻧﻌﻢ /   هﻞ ﺗﺴﺎهﻢ هﺬﻩ اﻟﺘﻘﻨﻴﺎت ﻓﻰ ﺗﻨﻤﻴﺔ اﻟﻤﻨﺎﻃﻖ اﻟﺮﻳﻔﻴﺔ؟ أ-72
  ﺣﺪد اﻟﺸﺮط )        ( ﻣﺸﺮوط / ج
 /ب)            ( آﺒﻴѧѧﺮ /  أ-: دور هѧѧﺬﻩ اﻟﺘﻘﻨﻴѧѧﺎت آﻮﺳѧѧﻴﻠﺔ ﻟѧѧﺼﻴﺎﻧﺔ اﻟﻤѧѧﻮارد اﻟﺒﻴﺌﻴѧѧﺔ واﻟﺤﻔѧѧﺎظ ﻋﻠﻴﻬѧѧﺎ -82
  )         (.ﺿﻌﻴﻒ / ج)         ( ﻣﺘﻮﺳﻂ 
ﻣﺘﻮﺳѧﻄﺔ / ب)            ( آﺒﻴﺮة /  أ -: ﻣﺴﺎهﻤﺔ هﺬﻩ اﻟﺘﻘﻨﻴﺎت ﻓﻰ ﺗﺄﻣﻴﻦ اﻟﺰراﻋﺔ واﻟﺜﺮوة اﻟﺤﻴﻮاﻧﻴﺔ -92
  )         (.ﺿﻌﻴﻔﺔ / ج)         ( 
)         ﻣﺘﻮﺳﻂ / ب)            (        آﺒﻴﺮ /  دور اﻟﺴﺪود ﻓﻰ زﻳﺎدة دﺧﻞ اﻟﻔﺮد ورﻓﻊ ﻣﺴﺘﻮى اﻟﻤﻌﻴﺸﺔ أ -03
  )         (.ﺿﻌﻴﻒ / ج( 
  )   (اﻟﺮﻋﻰ اﻟﺠﺎﺋﺮ / ب)   ( اﻟﺠﻔﺎف واﻟﺘﺼﺤﺮ /  أ-: ﺗﺴﺎهﻢ هﺬﻩ اﻟﺘﻘﻨﻴﺎت ﻓﻰ ﺗﻘﻠﻴﻞ ﺣﺪة-13
  )         (.آﻞ ﻣﺎ ذآﺮ / هـ)      ( اﻟﻬﺠﺮة واﻟﻨﺰوح / د)      ( اﻟﻘﻄﻊ اﻟﺠﺎﺋﺮ ﻟﻸﺷﺠﺎر / ج
ﻓѧѧﻰ / ب)     (                           ﻣﺤﻠﻴѧѧﺎ /  أ-: ﺗѧѧﺴﻮﻳﻖ اﻟﻤﻨﺘﺠѧѧﺎت اﻟﺰراﻋﻴѧѧﺔ ﻟﻬѧѧﺬﻩ اﻟﺘﻘﻨﻴѧѧﺎت ﺗѧѧﺘﻢ -23
  )         (.ﺧﺎرج اﻟﻮﻻﻳﺔ / ج)      (  اﻟﻤﺪن اﻟﻘﺮﻳﺒﺔ 
)        (                   ﺗﺮﺣﻴѧѧѧﻞ /  أ-: اﻟѧѧѧﺼﻌﻮﺑﺎت اﻟﺘѧѧѧﻰ ﺗﻮاﺟѧѧѧﻪ ﻋﻤﻠﻴѧѧѧﺎت اﻟﺘѧѧѧﺴﻮﻳﻖ ﻟﻠﻤﻨﺘﺠѧѧѧﺎت اﻟﺰراﻋﻴѧѧѧﺔ هѧѧѧﻲ -33
  ﺣﺪد )        ( أﺧﺮى / ج)      ( ﺗﺪﻧﻰ اﻷﺳﻌﺎر / ب
961 
ﻣﺘﻮﺳѧﻄﺔ / ب)            (        آﺒﻴѧﺮة /  أ- :-: ﻣﺴﺎهﻤﺔ هﺬﻩ اﻟﺘﻘﻨﻴﺎت ﻓﻰ ﻋﻤﻠﻴﺔ اﺳﺘﺰراع اﻷﺳﻤﺎك -43
  )        (.ﻻ ﺗﺴﺎهﻢ / د)         (  ﺿﻌﻴﻔﺔ / ج)         ( 
/ ب)       (                     اﻵﺑѧﺎر /  أ-: أهѧﻢ ﻣѧﺼﺎدر ﻣﻴѧﺎﻩ اﻟѧﺸﺮب ﻟﻺﻧѧﺴﺎن واﻟﺤﻴѧﻮان ﺑﺎﻟﻤﻨﻄﻘѧﺔ -53
  ﺣﺪد)     ( أﺧﺮى / د)       (  اﻟﺪوﻧﻜﻰ / ج )       ( اﻟﺨﺰاﻧﺎت
  )          ( ﻏﻴﺮ ﻣﻮﺟﻮدة/ ب)     ( ﻣﻮﺟﻮدة /  أ-: ﻋﻤﻠﻴﺔ ﺣﻤﺎﻳﺔ ﻣﻴﺎﻩ اﻟﺴﺪود ﻣﻦ اﻟﺘﺒﺨﺮ-63
/  هѧﻞ هﻨﺎﻟѧﻚ أﺛѧﺮ واﺿѧﺢ ﻟﺰﺣѧﻒ اﻟﺮﻣѧﺎل ﻓѧﻰ اﻟﻤﻨѧﺎﻃﻖ اﻟﻤﻜѧﺸﻮﻓﺔ ﻋﻠѧﻰ دﻓѧﻦ اﻟѧﺴﺪود واﻟﺨﺰاﻧѧﺎت؟ أ -73
  )     (ﻻ ﺗﻮﺟﺪ أﺛﺮ / د)     ( ﻔﻴﻒ ﺧ/ ج)     ( ﻣﺘﻮﺳﻂ  / ب)     ( ﺷﺪﻳﺪ 
  -: اﻟﻌﺪد اﻟﺤﺎﻟﻰ ﻣﻦ اﻟﺨﺰاﻧﺎت واﻟﺴﺪود ﺑﺎﻟﻤﻨﻄﻘﺔ-83
  )     (.ﻗﻠﻴﻞ ﺟﺪًا / ج)     ( ب، ﻣﺘﻮﺳﻂ )     ( آﺎﻓﻰ / أ
  ؟(ﺣﺼﺎد وﻧﺜﺮ اﻟﻤﻴﺎﻩ)  هﻞ ﺗﺮﻏﺐ ﻓﻰ اﻟﺘﻮﺳﻊ ﻓﻰ هﺬﻩ اﻟﺘﻘﻨﻴﺎت -93
  طﺣﺪد اﻟﺸﺮ)     ( ﻣﺸﺮوط / ج)     (   ﻻ / ب)     (   ﻧﻌﻢ / أ
  )         (آﻞ ﺛﻼث ﺳﻨﻮات / ب)       (        ﺳﻨﻮﻳﺔ /  أ-: ﻓﺘﺮات اﻟﺼﻴﺎﻧﺔ ﺗﻜﻮن-04
  )     (.ﻏﻴﺮ ﻣﺤﺪد ﺑﺰﻣﻦ / د)     (      آﻞ ﺧﻤﺴﺔ ﺳﻨﻮات  / ج
   أﻳﻬﻤﺎ أﻓﻀﻞ اﻟﺤﺎل ﻗﺒﻞ ﻗﻴﺎم هﺬﻩ اﻟﺘﻘﻨﻴﺎت أم ﺑﻌﺪهﺎ؟-14
  وﻟﻤﺎذا؟)     ( ﻗﺒﻞ / أ
  وﻟﻤﺎذا؟)     ( ﺑﻌﺪ / ب
   اﻟﻤﻴﺎﻩ اﻟﻤﺘﺤﺼﻠﺔ ﺑﻬﺬﻩ اﻟﺘﻘﻨﻴﺎت ﻟﻼﺳﺘﻌﻤﺎل ﻃﻮال ﻓﺘﺮة اﻟﺼﻴﻒ؟  هﻞ ﺗﻜﻔﻰ آﻤﻴﺔ-24
  ﻓﻰ ﺣﺎﻟﺔ اﻟﻨﻔﻰ ﺣﺪد )     ( ﻻ / ب)     ( ﻧﻌﻢ / أ
   -: ﻣﺴﺘﻮى إﻗﺒﺎل اﻟﻤﻮاﻃﻨﻴﻦ ﻟﻠﺘﻌﺎﻣﻞ ﻣﻊ هﺬﻩ اﻟﺘﻘﻨﻴﺎت وﺗﺒﻴﻨﻬﺎ-34
  )     (ﺿﻌﻴﻒ / ج)     ( ﻣﺘﻮﺳﻂ / ب)     (   ﻋﺎﻟﻰ / أ
  ﺘﻰ ﺗﻮاﺟﻪ هﺬﻩ اﻟﺘﻘﻨﻴﺎت؟  ﻓﻰ ﻧﻈﺮك ﻣﺎ هﻰ اﻟﻤﺸﺎآﻞ اﻟﻔﻨﻴﺔ اﻟ-44
  
   ﻣﺎ هﻰ اﻟﺤﻠﻮل اﻟﺘﻰ ﺗﺮاهﺎ ﻣﻤﻜﻨﺔ ﻟﺘﻔﺎدى هﺬﻩ اﻟﻤﺸﻜﻼت؟-54
  
 دور اﻟﻤﻨﻈﻤѧѧﺎت ﻏﻴѧѧﺮ اﻟﺤﻜﻮﻣﻴѧѧﺔ اﻟﻌﺎﻣﻠѧѧﺔ ﻓѧѧﻰ ﻣﺠѧѧﺎل اﻟﺘﻨﻤﻴѧѧﺔ اﻟﺮﻳﻔﻴѧѧﺔ ﻓѧѧﻰ إﻧѧѧﺸﺎء وزﻳѧѧﺎدة اﻟѧѧﺴﺪود -64
  )     (ﻻ ﺗﻮﺟﺪ / د)     ( ﺿﻌﻴﻒ / ج)     ( ﻣﺘﻮﺳﻂ / ب)     (  آﺒﻴﺮ/  أ-:وﺻﻴﺎﻧﺘﻬﺎ
إدارة ﻣﻴﺎﻩ اﻟﺮﻳﻒ، اﻟﻤﺮاﻋﻰ، اﻟﻐﺎﺑﺎت )ﻮﺟﺪ دور ﺗﻨﺴﻴﻘﻰ ﻣﺸﺘﺮك واﺿﺢ ﻟﻠﺠﻬﺎت ذات اﻟﺼﻠﺔ  هﻞ ﻳ -74
  ﻓﻰ ﻋﻤﻠﻴﺎت اﻹرﺷﺎد واﻟﻤﺘﺎﺑﻌﺔ واﻟﺘﻘﻴﻴﻢ؟( واﻟﺰراﻋﺔ
  ﺣﺪد اﻟﺸﺮط )     ( ﻣﺸﺮوط / ج)     ( ﻻ / ب)     ( ﻧﻌﻢ / أ
)     ﻣѧﺸﺘﺮآﺔ / ج    ()أهﻠﻴѧﺔ / ب)   (ﺣﻜﻮﻣﻴѧﺔ / أ: ﻟѧﺴﺪود أن ﺗﻜѧﻮن  رؤﻳﺘﻚ آﻤѧﻮاﻃﻦ ﻓѧﻰ إدارة هѧﺬﻩ ا -84
  (.
  : أﻓﻀﻞ اﻟﻤﻮاﻗﻊ اﻟﺘﻰ ﺗﻘﺘﺮﺣﻬﺎ ﻟﻘﻴﺎم هﺬﻩ اﻟﺴﺪود واﻟﺨﺰاﻧﺎت-94
  )     (ﻗﺮب اﻷدوﻳﺔ اﻟﻜﺒﻴﺮة / ب )     ( ﻋﻠﻰ ﻣﺠﺎرى اﻟﺨﻴﺮان اﻟﺼﻐﻴﺮة / أ
  )     (.أراﺿﻰ اﻟﻘﺮد ود / د    )     (أراﺿﻰ اﻟﻨﻘﻌﺔ اﻟﻤﻨﺒﺴﻄﺔ/ ج
   أى ﻣﻼﺣﻈﺎت أو ﺁراء أﺧﺮى ﺗﻔﻴﺪ اﻟﺪراﺳﺔ -05
  
  
  
  واﷲ اﻟﻤﻮﻓﻖ
    7002س ﻣﺎر
